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ABSTRACT
Glacial sediments exposed in the northern Okanogan trough consist of 
Fraser advance stratified drift, lodgement till, and recessional 
stratified drift. No older Quaternary sediments were recognized in the 
mapped area.
The advance stratified drift unit is composed of upward-coarsening 
braided-stream outwash with locally intercalated lacustrine and alluvial 
fan sediments. An upsection change in facies within the unit suggests a 
gradation from distal to proximal deposition of proglacial outwash with 
time in Spectacle Lake Coulee. The gradation probably records the approach 
of Cordilleran ice into the area during the Fraser advance.
Upland regions of the study area are mantled by a lodgement till complex 
that typically exhibits a streamlined and sometimes drumlinoid surface 
morphology. Interbeds of glaciolacustrine and glaciofluvial sediment 
containing dropstones and inclusions of diamicton are common. Thick 
sections of lodgement till overlying the interbeds indicate that they were 
deposited in subglacial lakes and streams beneath active ice of the 
Okanogan lobe. Crudely stratified till subunits of differing color and 
texture are present at some outcrops in the central portion of the study 
area. These subunits may have been deposited through a process of 
superimposed till lodgement beneath multiple, competing ice streams of a 
composite Okanogan lobe.
The Okanogan Valley and coulees tributary to it contain voluminous fills 
of recessional stratified drift. Kame terraces at higher elevations are 
predominantly erosional in origin and probably signify relatively rapid 
lowering of the ice-sheet surface during their formation. Kame terraces 
comprised of ice-contact glaciolacustrine and glaciofluvial sediment are
i
more common at lower elevations and record sedimentation in a series of 
local ice-marginal lakes and streams.
The most prominent set of kame terraces occurs along the Okanogan Valley 
and is collectively known as the "Great Terrace". In the study area, the 
"Great Terrace" is composed of highly deformed ice-contact deltaic and 
glaciolacustrine sediment overlain by a cap of outwash gravel. Sediments 
of the "Great Terrace" were deposited along and over stagnating ice in the 
Okanogan Valley, predominantly as deltas built by streams issuing from 
tributary coulees. The presence of numerous kettles on the upper surface 
of the "Great Terrace" and on younger terraces cut into it indicates that 
buried ice was present within the sediments of the "Great Terrace" for 
some time after its construction.
A kame-moraine in the Sinlahekin Valley near Loomis marks a stillstand 
of a late Fraser valley glacier. The kame-moraine is probably a delta that 
was built into a proglacial lake occupying at least a portion of the 
southern Sinlahekin Valley. The moraine may be approximately 
contemporaneous with the "Great Terrace" at Tonasket and might therefore 
be evidence of an approximate Sumas Stade equivalent in the Okanogan 
trough. Further study is needed to support this tenuous correlation.
Tephra samples collected from Holocene deposits in the northern Okanogan 
trough were examined petrographically and identified as Mazama ash ^6,600- 
7,000 yr BP) and Mount St. Helens layer Wn (about 450 yrs old). As 
evidenced by the absence of Glacier Peak tephra in the study area and its 
absence from dated pollen cores in the region, the northern Okanogan 
trough was probably beyond the fallout area of the 11,200 yr old tephra.
ii
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The Okanogan trough served as the major outlet for ice moving 
southward from the main body of the Cordilleran ice sheet in south-central 
British Columbia. Despite the large quantity of glacial sediments in the 
Okanogan Valley region and the fine state of their exposure and landform 
preservation, surprisingly few studies of the glacial geology of the area 
have been undertaken.
The main purpose of this study is to define and interpret the glacial 
stratigraphy of the northern Okanogan trough and provide a spatial link 
between glacial studies in south-central British Columbia ^Mathews, 1944; 
Flint, 1935a; Nasmith, 1962; Fulton, 1965, 1971; Shaw and Archer, 1974; 
Fulton and Smith, 1978) and those in the Columbia Plateau region of 
eastern Washington (Russell, 1893, 1898; Waters, 1933; Freeman, 1933; 
Flint, 1935b, 1936, 1937; Flint and Irwin, 1939; Fryxell, 1963, 1973; 
Richmond and others, 1965; Hanson, 1970; Easterbrook, 1979; Waitt and 
Thorson, 1983).
Field work was accomplished during the summer months of 1983 and 
June of 1984. Mapping was carried out at a scale of 1:24,000 on 7 1/2- 
minute topographic quadrangles. Field mapping was supplemented with 
overlays from vertical aerial photographs having scales of 1:24,000 and 
1:12,000.
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The study area encompasses approximately 230 km adjacent to and west 
of the Okanogan River in northern Okanogan County (Fig. 1). It extends 
approximately from the Okanogan River west to the Sinlahekin Valley, north 
to the coulee occupied by Spectacle and Whitestone Lakes, and south to 
Janis, Washington (Fig. 2). Topographic relief within the study area is 
moderate; elevations range from 807 m at Cayuse Mountain to 275 m on the
1
INDEX MAP OP WASHINGTON 
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Figure 1. Index map of Washington showing location of the study area.
46’
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Figure 2. Physiographic map of the northern Okanogan trough. Map
area is shown by the stippled pattern.
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Okanogan River at Janis. West of the study area, summit elevations of the 
rugged Okanogan Range, the eastern-most subrange of the Cascades, vary 
from about 1500 to 2400 m. East of the river, summit elevations of the 
rolling Okanogan Highlands generally lie below 1800 m.
Major local physiographic features include the Okanogan Valley, the 
Sinlahekin Valley, and two north-trending coulees. Horse Springs and 
Whitestone Coulees, in the interjacent area (Fig. 2). The upstream ends 
of Horse Springs and Whitestone Coulees hang above a large, eastward­
trending coulee connecting the Okanogan and Sinlahekin Valleys, that is 




The bedrock geology of the northern Okanogan trough consists 
primarily of a central belt of chiefly low-grade metamorphic rocks flanked 
to the east by gneissose rocks of the Colville batholith and to the west 
by a series of contiguous plutons. The low-grade metamorphic rocks 
comprise predominantly greenschist facies phyllite, greenstone, 
metagraywacke, meta-chert-conglomerate, slate, marble, and metachert of 
the Permian Anarchist Group and the Permian or Triassic Kobau Formation 
and Palmer Mountain Greenstone ^Fox and Rinehart, 1972). These complexly 
folded rocks are unconformably overlain by homoclinally dipping, weakly 
metamorphosed greenstone, breccia, and conglomerate of the Jurassic or 
Cretaceous Ellemeham Formation ^Fox and Rinehart, 1972). The youngest 
pre-Quaternary rocks in the region consist of Eocene conglomerate, arkose, 
and graywacke overlain by and intercalated with Eocene andesite and dacite 
flows (Fox and Rinehart, 1972).
Mesozoic^?) dioritic gneisses east of the Okanogan River are part of
what has been variously termed the Colville batholith (Waters and
Krauskopf, 1941; Fox and Rinehart, 1972), the Okanogan gneiss dome
(Rinehart and Fox, 1976), and the Okanogan dome (Cheney, 1980). Snook
U965) regarded the gneisses in the western part of the Colville batholith 
as paragneisses and applied the name "Tonasket Gneiss" to them. Toward 
the east, rocks of the Colville batholith become increasingly 
structureless and granodioritic (Waters and Krauskopf, 1941).
The contact between the Colville batholith and the low-grade 
metamorphic rocks of the Okanogan Valley is characterized by a cataclastic 
zone approximately 1 to 2 km in width (Snook, 1965) and by a general lack
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of contact metamorphic effects (Waters and Krauskopf, 1941). Waters and 
Krauskopf (1941, p. 1375) observed that the cataclastic zone "being 
readily eroded ... has largely determined the course of the Okanogan 
River."
Much of the Okanogan Range west of the study area is underlain by 
large Mesozoic plutons. Most of the plutons are granodioritic and some 
are compositionally zoned (Fox and Rinehart, 1972). The plutons are 
either contiguous or intrude the Permian (and Triassic?) low-grade 
metamorphic rocks along sharp, cross-cutting contacts and exhibit local 
contact metamorphism (Rinehart and Fox, 1972). A few plutons are also 
exposed in the area between the Okanogan and Sinlahekin Valleys.
Climate and Vegetation
Climatological and vegetation data taken from the soil survey of the
Okanogan County area (Lenfesty and others, 1980) show the Okanogan Valley
to be semiarid. The Cascade Range forms an appreciable barrier to the
easterly flow of marine air masses. Hence, summers in the Okanogan are
warm, dry, and sunny. Typical summer afternoon temperatures range into 
0
the high 20's C. Precipitation in summer is light and usually occurs as 
showers or thunderstorms. Winters are cold and cloudy, with most 
precipitation occurring as snow. Average winter afternoon temperatures 
are near, or slightly above, freezing. The average annual precipitation 
at Oroville, Washington (elevation 280 m), about 20 km north of the study 
area, is 30 cm.
The natural vegetation within the Okanogan trough is largely related 
to altitude and aspect. Sagebrush and grasses are dominant at lower 
elevations. Stands of ponderosa pine and Douglas-fir are found at higher 
elevations—above approximately 900 m--but occur at lower altitudes on
6
north-facing slopes. Apple orchards and hayfields occupy most valley 




Early published accounts of the glacial geology of the Okanogan 
Valley area include pioneering works of a reconnaissance nature by Willis 
(1887), Dawson U898), Smith and Calkins U904), and Daly U912). In the 
late ninteenth century, a vigorous exchange of views as to the origin of 
the "Great Terrace" of the Columbia River occurred between Russell U893, 
1898) and Dawson U898). Russell U893) was the first to describe the 
terraces along the Columbia River, while Dawson U898) made the first 
known mention of "flat-topped terraces" along the Okanogan. Daly U912) 
was the first to describe the terraces along the Okanogan River as ice- 
marginal .
Regional Glacial Geology
The Okanogan lobe was the largest lobe of the Cordilleran ice sheet 
in eastern Washington, attaining a maximum thickness of more than 2000 m 
over major valleys and extending as far .south as the Waterville Plateau, 
where it formed a prominent terminal moraine about 50 km south of the 
Columbia River (,Fig. 3).
Minor fluctuations of the Okanogan lobe near Grand Coulee ^Flint and 
Irwin, 1939) were first correlated with the early and middle Pinedale 
advances of glaciers in the central Rocky Mountains by Richmond and others 
U965). They also mentioned a weathered drift of possible Bull Lake age 
underlying "Pinedale" till at a location approximately 30 km west of Grand 
Coulee. The application of Rocky Mountain nomenclature to the Okanogan 
lobe has been subsequently discontinued due to the difficulty of 
correlating fluctuations of the Cordilleran ice sheet with those of 
central Rocky Mountain alpine glaciers 800 km to the east.
The advances and retreats of the Okanogan lobe and those of the well-
8
Figure 3. Generalized map of the maximum extent of the Cordilleran 
ice sheet in central Washington (redrawn from Waitt and Thorson, 1983).
9
dated Puget lobe were believed by Easterbrook U976, 1979) to be 
synchronous because the two lobes were physically connected across the 
northern Cascade Range. Thus, he correlated the early recessional phase 
of the Okanogan lobe with the glaciomarine Everson Interstade of the Puget 
lobe lapproximately 11,000-13,000 yr BP), and termed it the "Mansfield 
Interstade."
Timing of the advances and retreats of the Okanogan lobe is not well 
constrained. Build-up of the Cordilleran ice sheet in south-central 
British Columbia was not complete until after 19,000 yr BP ^Fulton and 
Smith, 1978). In southeastern British Columbia, complete ice sheet 
inundation did not occur before 17,500 yr BP (Clague and others, 1980). 
Although it is thought to be broadly synchronous with the Puget lobe west 
of the Cascades, the Okanogan lobe probably advanced more rapidly and 
lingered at its terminal moraine much longer than did the Puget lobe 
(Easterbrook, 1979; Waitt and Thorson, 1983). The Puget lobe reached its 
maximum stand during the Fraser Glaciation between about 15,000 and 13,500 
yr BP (Mullineaux and others, 1965), and possibly between 14,500 and 
14,000 yr BP (Porter, 1970). The Okanogan lobe must have started to 
retreat sometime before the last major scabland flood about 13,000 yr BP 
(Mullineaux and others, 1978; Porter, 1978). The apparent absence of 
Glacier Peak tephra layer G from all but the lowermost 15 to 20 km of the 
Okanogan Valley suggested to Porter (1978) that the valley was still 
covered by ice at the time of the eruption about 11,200 yr BP (Mehringer 
and others, 1984). Flint (1935b), Nasmith (1962), and Fulton (1965) cite 
the valley-side distribution of ice-contact recessional stratified drift 
as evidence for general downwasting of the Okanogan lobe as opposed to 
distinct frontal recession. Dates on basal bog peats indicate that
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deglaciation was occurring throughout south-central British Columbia 
11,000 years ago and was probably complete before 10,000 years ago ^Fulton 
and Smith, 1978).
In south-central British Columbia, Fulton and Smith U978) have 
defined four late Pleistocene 1ithostratigraphic units: Westwold Sediments 
(nonglacial, > 60,000 yr BP), Okanagan Centre Drift (glacial, > 43,800 yr 
BP), Bessette Sediments (nonglacial, 43,800 to 19,000 yr BP), and Kamloops 
Lake Drift (glacial, 19,000 to 10,000 yr BP). They correlate Bessette 
Sediments with the Olympia Nonglacial Interval and Kamloops Lake Drift 
with the Fraser Glaciation of the Pacific Coast region. Fulton and Smith 
(1978) found no evidence that the fluctuations within the Fraser 
Glaciation on the West Coast, including the Sumas Stade, can be recognized 
in south-central British Columbia. The Sumas is a late-glacial readvance 
that occurred between approximately 11,400 and 10,000 yr BP in the Fraser 
Lowland of southwest British Columbia (Easterbrook, 1963; Armstrong and 
others, 1965; Armstrong, 1981).
Glacial Geology of the Tonasket Spectacle Lake area
The glacial geology of the northern Okanogan Valley has not been 
systematically studied. Flint (1935b) traced the "Great Terrace" along the 
Okanogan River to its northern limit at the mouth of Spectacle Lake Coulee 
about 8 km north of Tonasket. He described the "Great Terrace" at 
Tonasket as an extensive, kettled fill along both sides of the Okanogan 
River, comprised mostly of parallel-bedded and laminated silt and fine 
sand, with subordinate gravel generally near the upper surface.
Flint (1935b) proposed that the origin of the "Great Terrace" along 
the Okanogan River is similar to that of the "Great Terrace" of the 
Columbia River farther south. He agreed with the interpretation made by
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Waters (1933) that the "Great Terrace" along the Columbia records
accumulation of sediments in ice-marginal lakes. The "Great Terrace"
"records a time when the ice in the Okanogan trench and the Columbia 
canyon had wasted enough to permit water to drain from one tributary 
around spurs to the next tributary downvalley, thus building 
sediments more or less continuously along the valley sides, in 
accumulations hundreds of feet in thickness" (Flint, 1935b, p. 185).
Kame terraces have been previously noted in the western part of the
study area by Russell and Eddy (1971) and Rinehart and Fox (1972).
Rinehart and Fox (1972) suggest that the kame terraces formed by localized
ponding alongside wasting ice as opposed to widespread stream or lake
deposition. Kettle-plain topography was noted in the Aeneas Lake area by
Russell and Eddy (1971).
Extensive drainage disarrangements of the Similkameen River have 
taken place within and near to the study area in response to glaciation 
(Willis, 1887). An excellent example is Spectacle Lake Coulee--an 
abandoned channel cut by the ancestral Similkameen River (Rinehart and 
Fox, 1972).
Minard (in press) mapped a sequence of Fraser advance outwash, till, 
and recessional outwash and glaciolacustrine sediments in the southern 
Okanogan Valley.
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STRATIGRAPHY, SEDIMENTOLOGY, AND MORPHOLOGY OF SURFICIAL DEPOSITS 
CRITERIA OF AGE AND NOMENCLATURE
Previous studies have established that surface-mantling drift within 
the Okanogan trough was deposited during the last glaciation (Flint, 
1935b; Nasmith, 1962; Fulton and Smith, 1978). Within the study area, 
immature weathering characteristics of the glacial deposits, such as non- 
existant to thin ( <1 mm thick) weathering rinds on fine-grained surface 
stones; poorly developed, non-argillic B-horizons in soils; and only 
slight erosion of glacial landforms confirm the correlation of Okanogan 
Valley surface drift with the last glaciation (Waitt and Thorson, 1983).
Following the usage of Fulton (1968), Easterbrook (1979), and Waitt 
and Thorson (1983), Puget Lowland nomenclature (Armstrong and others, 
1965) is used here to describe the events of the last ice-sheet glaciation 
in the Okanogan Valley region. Surface-mantling drift within the Okanogan 
trough is therefore considered to have been deposited during the Fraser 
Glaciation.
Because of the preliminary nature of this study, no formal rock- 
stratigraphic names are introduced. Fraser deposits within the study area 




The oldest unconsolidated deposit recognized in the study area 
consists of Quaternary stratified drift overlain by till. Due to its 
sedimentologic characteristics and position beneath surface-mantling till, 
the unit is thought to be advance drift of the last ^Fraser) glaciation. 
In order of decreasing abundance, the advance drift consists principally 
of massive and stratified pebble and cobble gravel, flat-bedded and cross- 
bedded sand, rhythmically laminated silt and clay, and climbing-ripple 
cross-laminated sand. Though not entirely exposed in any single outcrop, 
the generalized sequence of advance drift found in the area between Loomis 
and Spectacle Lake (see Plate 1) consists of lacustrine sediments overlain 
by distal braided-stream outwash, which grades upwards into more proximal 
braided-stream outwash. Intercalated within the outwash section are 
localized alluvial fan and lacustrine deposits (Fig. 4).
The maximum exposed thickness of the advance stratified drift unit is 
approximately 100 m. The base of the unit was not seen in the study area. 
In a number of places along valley sides, sediments of the advance unit 
overlie bedrock directly. The lowest exposure of the unit occurs at an 
elevation of 420 m along the southern shore of Spectacle Lake. The upper 
contact of the advance drift unit has considerable relief, and is exposed 
at elevations up to 590 m. In most exposures, the contact between the 
advance stratified drift and the overlying till is erosional with abundant 
shearing and deformation within the upper few meters of the stratified 
drift (Fig. 5). At a few outcrops the contact between the advance drift 
unit and till appears conformable.
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Figure 4. Fraser advance outwash overlying lacustrine and alluvial 
fan sediments. View looking southwest along north wall of Spectacle Lake 
Coulee. Qoa = Fraser advance outwash; Qla = Fraser advance lacustrine 
sediment; Qfa = Fraser advance alluvial fan sediment.
15
Figure 5. Sheared advance outwash beneath till. Pick-axe 




Strata of the advance drift unit are divided into facies 
associations, facies, and subfacies. Facies associations designate 
environments of deposition, i.e. outwash, lacustrine, alluvial fan, etc. 
Facies denote sediment lithology, i.e. sand, gravel, silt, etc. Strata of 
a given facies may be further divided into subfacies according to 
distinctive assemblages of sediment structures.
Outwash is the most abundant facies association within the advance 
stratified drift unit. It is principally composed of interbedded sand and 
gravel, although significant sections of only sand or gravel occur. 
Gravel is the most abundant facies. It is predominantly massive or 
crudely bedded, and imbricated. Planar and trough cross-stratification 
are subordinate. Beds are typically tabular, and bedding thickness 
averages about 1 m, ranging from 0.2 to 3 m. Individual gravel beds 
sometimes exhibit normal or reverse grading, and many beds coarsen 
abruptly at their tops. The gravel frequently has a matrix of silt or 
sand, although open-framework gravel is also seen. Clasts are in the 
pebble and cobble size range with boulders being only locally abundant. 
The degree of clast rounding generally increases with increasing grain 
size. Most pebbles and many cobbles are subangular to subrounded 
metavolcanics of the local Palmer Mountain Greenstone. Many cobbles and 
most boulders are rounded granitic rocks. At two localities, rounded 
cobbles and boulders of massive and rhythmically laminated silt and clay 
are found within gravel.
The sand facies of the outwash association occurs as interbeds within 
predominantly gravelly sections and as one 35+-meter-thick section of 
sandy outwash lower in the advance drift sequence. Tabular, lenticular, 
and wedge-shaped beds of variably sorted, very coarse to silty fine sand
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are commonly interstratifled with massive gravel. These sand beds range 
in thickness from about 0.2 to 1 m and exhibit horizontal stratification, 
planar and low-angle cross-stratification, or are massive. At the few 
localities measured, cross-bedding in the sand interbeds generally dips 
toward the southwest. Although the sand layers within the gravel sections 
are often poorly exposed, in places they are well-marked by bands of 
vegetation, that uses the soil moisture concentrated within them iFig. 6).
Sections of thinly bedded (3-15 cm) climbing-ripple cross-laminated 
(type A and B of Jopling and Walker, 1968), horizontally stratified, and 
uncommonly, planar cross-stratified very fine- to medium-grained, 
generally well sorted sand, occur low in the advance stratified drift 
sequence. Pebbles and pebble-sized clay balls are infrequently found in 
this subfacies.
Another subfacies found low in the section consists of planar, 
tangential, and trough cross-stratified and horizontally stratified sand 
(Fig. 7). Bedding thickness ranges from about 5 cm to 2 m and averages 
about 0.5 m. Beds are tabular and troughs are generally solitary. The 
sand is typically medium- to coarse-grained and medium to well sorted. 
Small lenses and stringers of pebbles are common as are pebble lags in 
trough bottoms. Reactivation surfaces are locally present in some beds 
having planar cross-stratification. Thin beds of climbing-ripple cross- 
laminated sand occur infrequently in this subfacies.
Subvertical clastic dikes composed of clay and gravel occur 
infrequently in the lower outwash strata of the advance stratified drift 
unit (see Fig. 7). Presence of the dikes implies rapid alluviation of 
outwash and alluvial fan sediments. The clay within the dikes is probably 
derived from lacustrine beds.
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Figure 6. Large section of Fraser advance stratified drift overlain 
by till exposed on north wall of Spectacle Lake Coulee. Arrow at contact. 
Layering within the advance drift unit is delineated by bands of 
vegetation.
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Figure 7. Distal sand facies of the advance outwash unit overlain by 
gravel associated with alluvial fan sediments. Note clastic dikes in left 
portion of photo.
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Exposures of lacustrine sediments occur at various levels within the 
advance stratified drift unit. Their thicknesses range from about 1.5 m 
to 12 m. The lacustrine facies association is comprised of rhythmically 
laminated clay, silt, and fine sand, and climbing-ripple cross-laminated 
coarse silt and fine sand. Distal rhythmites are common and typically 
exhibit an internal gradation within individual couplets from clay and 
silt to coarse silt and very fine sand. The rhythmites are generally 
thin, range in thickness from about 0.1 cm to 5 cm, and frequently contain 
dropstones. Occasionally the rhythmites are internally micrograded. In 
one prominent 10 meter-thick lacustrine package, thin distal-type 
rhythmites at the base iFig. 8) grade into thicker and less well laminated 
coarse silt and fine sand and climbing-ripple cross-laminated fine sand 
rhythmites towards the top.
Massive silty clay beds are common in some lacustrine sections. 
These beds range in thickness from about 0.1 m to 1 m. Sometimes 
associated with them are small lenses of fine sand and thin beds of 
horizontally laminated and climbing-ripple cross-laminated fine sand. 
Convolute bedding is seen rarely. Intense folding of laminated silt and 
clay was seen at two outcrops. Contacts of advance lacustrine sediments 
with bounding outwash range from sharp planar to interfingering to 
gradational.
Along the north side of Spectacle Lake Coulee, alluvial fan sediments 
are intercalated with outwash and lacustrine deposits of the advance 
stratified drift unit. Beds of variably washed gravel have primary dips 
toward the south and southwest at maximum angles ranging from 26 to 33 
degrees. Up to 11 m of steeply dipping alluvial fan sediments are locally 
exposed between subhorizontal stratified outwash. The alluvial fan facies 
association is composed of interstratified matrix- and clast-supported
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Figure 8. Distal-type rhythmites and dropstone at the base of a 
lacustrine layer intercalated within the advance drift unit.
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gravel with subordinate amounts of stratified sand. Clast-supported 
gravels commonly exhibit horizontal stratification and trough and planar 
cross-stratification. Clast lithologies are dominated by the local 
bedrock type—Palmer Mountain Greenstone. Thin layers of coarse, poorly 
sorted sand, often showing trough cross-stratification, are common. Thin 
(0.5-5 cm) laterally persistent layers of silty clay are also present. In 
one particularly well exposed section, a lateral facies change from 
dipping alluvial fan sediments to subhorizontal outwash gravels can be 
seen over a few tens of meters.
Distribution
Advance stratified drift is not widely exposed within the study area. 
Its occurrence is limited to the walls of Spectacle Lake Coulee between 
Loomis and Spectacle Lake and to the western side of the southern portion 
of Horse Springs Coulee (see Plate 1). Stratified drift not overlain by 
till was mapped as recessional drift. Therefore, some stratified sediment 
mapped as recessional drift may possibly be advance drift with the 
overlying till stripped away or not exposed.
The lowest and possibly oldest deposits of the advance stratified 
drift unit are exposed along the southern shore of Spectacle Lake (Nl/2, 
Sec. 9, T38N, R26E). Approximately 10 m of predominantly massive, medium 
to thickly bedded silty clay is well-exposed in cliffs along the 
lakeshore. Small, scattered exposures of well sorted fine sand were seen 
above the cliffs. Till crops out above an elevation of 465 m on the slope 
above the cliffs. The contact between the till and the advance stratified 
drift was not observed.
A thick sequence of advance drift occurs on the northern wall of the 
coulee between Loomis and Spectacle Lake (see Fig. 6). The sediments are
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particularly well-exposed in a series of deep gulleys eroded into the 
drift, often to bedrock. Primary bedding within the section dips toward 
the southwest at about 5 degrees. For the most part, the section is 
comprised of a heterogeneous but generally coarsening-upward sequence of 
sand and gravel. A prominant unit of laminated clay, silt, and sand, 
about one kilometer in lateral extent and averaging about 10 m thick, 
occurs within this section. A few thinner layers of laminated fine 
sediment are scattered throughout the section. Numerous layers of steeply 
dipping gravel are exposed at various levels within the section.
A condensed coarsening-upward sequence of advance stratified drift is 
exposed in a roadcut along the south side of Spectacle Lake Coulee INE 
1/4, NEl/4, Sec. 8, T38N, R26E) ^Fig. 9). At this locality, laminated 
silt and clay are overlain by stratified sand, which is abruptly overlain 
by coarse, crudely bedded gravel. Till overlies the gravel, and the 
contact between them is clearly erosional. Imbrication and cross­
stratification within the gravel and dips on type A climbing-ripple cross­
laminations within the sand suggest generally east-flowing paleocurrents 
during the deposition of these sediments.
Advance stratified drift is also found along the western side of 
Horse Springs Coulee about ten kilometers south of Spectacle Lake Coulee 
^secs. 10, 14, 15, 22, T37N, R26E). In this area the advance drift unit 
consists predominantly of horizontally-stratified and low-angle planar 
cross-stratified compact sand with minor amounts of interbedded pebble 
gravel. At a few outcrops, beds of laminated silt and fine sand 
containing dropstones were seen above the sand. Primary bedding and 
cross-stratification within the sand generally dip toward the south.
The preservation of the relatively thick section of advance
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Figure 9. Coarse, proximal gravel abruptly overlying distal, 
stratified sand of the advance outwash unit. Gravel contains boulder-size 
clasts of silt and clay ^arrows). East is to the left.
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stratified drift in the eastern portion of Spectacle Lake Coulee can be 
attributed in part to the east-west orientation of the valley, the 
shielding effect of Palmer Mountain immediately to the north , and the 
general north to south flow of ice during the last glaciation. The 
advance drift was spared the intense erosive effects of the ice and was 
later exposed by downcutting meltwater streams flowing through Spectacle 
Lake Coulee. A similar situation exists at Shanker's Bend on the 
Similkameen River north of the study area ^see Fig. 2), where a thick 
section of advance stratified drift is exposed beneath till.
Origin
Sediments of the advance stratified drift unit were generally 
deposited in a proglacial environment. The upward-coarsening trend within 
the deposit is compatible with a model of an approaching glacial source 
during the Fraser advance. The scarcity of ice-contact features within 
the unit suggests that it was not, for the most part, deposited in the 
immediate vicinity of the advancing glacier.
The majority of the sand and gravel comprising the advance drift unit 
was deposited in the braided outwash stream of a valley train occupying 
Spectacle Lake Coulee. Sedimentological features of the advance outwash 
are similar to those listed by Miall (1977, Table 6, p.52) as being 
indicative of braided alluvial deposits rather than those of meandering 
streams. Abundant massive gravel, cotranon planar cross-stratified sand, the 
presence of trough and planar cross-stratified gravel, and relatively thin 
(rarely >3 m) channel-fill sequences, all present in the advance outwash, 
are characteristic of braided-stream deposits and are absent or rare in 
meandering-stream deposits (Miall, 1977).
In addition to the upward-coarsening trend from sand to gravel within
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the advance outwash, a change in sedimentary structures also occurs 
upsection that supports an interpretation of gradation from distal to 
proximal outwash deposition in the western portion of Spectacle Lake 
Coulee. Boothroyd and Ashley (1975) have documented downstream changes in 
sedimentation style on modern outwash fans in southeast Alaska (Fig. 10). 
The downstream variations in facies and sedimentary structures that they 
observed appear to be an appropriate model for the vertical succession of 
outwash seen in the walls of western Spectacle Lake Coulee.
The distal facies of the lower braided fan described by Boothroyd and 
Ashley (1975) is characterized by planar cross-stratified, climbing-ripple 
cross-laminated, and horizontally stratified sand. This facies is very 
similar to the facies found low in the section in Spectacle Lake Coulee 
and those along the southern portion of Horse Springs Coulee. Boothroyd 
and Ashley (1975) found that the distal sediments were deposited as 
longitudinal and linguoid (transverse) bars along low gradient reaches.
The sediments found high in the section along Spectacle Lake Coulee 
appear similar to the more proximal facies of the upper fan and upper 
midfan described by Boothroyd and Ashley (1975). Both consist mainly of 
massive to crudely bedded gravel with scattered interbeds of stratified 
sand. Boothroyd and Ashley (1975) observed that the more proximal facies 
were deposited mainly as longitudinal bars and sand wedges along reaches 
of higher gradient.
Localized departures from the general coarsening-upward trend within 
the outwash of the advance stratified drift are possibly due, in part, to 
alluvial fan activity. Because of the proximity of the studied outcrops 
to the bedrock walls of Spectacle Lake Coulee, alluvial fans must have had 
a significant localized effect on the sedimentology of the exposed advance 
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Figure 10. Downstream variation in facies and sedimentary structures 
on a modern outwash fan in southeast Alaska. Sections A-D are 
characteristic of braided reaches, while section E is typical of the 
lowermost, meandering reach of some outwash fans (from Boothroyd and 
Ashley, 1975).
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of the sections along the northern wall of Spectacle Lake Coulee 
illustrates the localized effect of near-by bedrock. Had advance drift 
sediments closer to the valley axis been preserved, they probably would 
have been more representative of the general style of outwash 
sedimentation.
Alluvial fan sediments found within the advance drift unit were 
deposited on south- and southwest-sloping fans along the north wall of 
Spectacle Lake Coulee. The sediments were deposited by debris flows and 
fluvial processes, as indicated by the presence of interbedded matrix- 
supported gravel, clast-supported gravel, and sand. Palmer Mountain 
Greenstone underlying the advance drift along the north wall of Spectacle 
Lake Coulee served as a primary source of the fan sediments. Input from 
alluvial fans was probably responsible for the significant proportion of 
greenstone clasts within the outwash of the advance drift unit in this 
area.
The sparse paleocurrent data collected from the advance outwash are 
inconclusive. Upstream dips of clast maximum-projection-planes within 
imbricated gravels have been shown to give consistent paleocurrent 
directions for braided stream deposits ^Rust, 1975). Measurements taken 
from gravel interbedded with sand at a location low in the advance drift 
section along the north wall of Spectacle Lake Coulee show a relatively 
poorly developed imbrication fabric which none the less suggests a west- 
southwest paleocurrent direction iFig. 11). Visual inspection of 
imbrication within gravels at other outcrops exposed along the north side 
of the coulee supports a west-southwest directed paleocurrent, as does the 
southwest dip of primary bedding in the area. However, imbrication within 
gravel exposed on the south side of the coulee appears to indicate an east
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Figure 11. Stereoplot showing dips of clast maximum-projection- 
planes sampled from advance outwash at a site below the prominent 
lacustrine layer on the northern wall of Spectacle Lake Coulee. Arrow 
indicates inferred paleocurrent direction. 54 measurements plotted.
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directed paleocurrent (see Fig. 9). In addition, dips on type A climbing- 
ripple cross-laminations within distal sandy outwash below the gravel on 
the south side of the coulee also suggest eastward paleocurrents.
The lack of a substantial number of measurements of paleocurrent 
indicators from the advance outwash requires that the inferred 
paleocurrent directions be treated with caution. If the conflicting 
paleocurrent directions from the north and south sides of the coulee are 
indeed valid, then an explanation for their origin may involve a reversal 
of streamflow-directi on within the coulee. A reversal of streamflow- 
direction is not such an unlikely occurrence, since Spectacle Lake Coulee 
is connected to the Okanogan and Sinlahekin Valleys at its ends. Unequal 
aggradation between the two valleys during the last glacial advance is 
likely, and the attendant fluctuations of base level could have caused 
streamflow reversals within the interconnecting Spectacle Lake Coulee.
The prominent lacustrine section exposed along the north wall of 
western Spectacle Lake Coulee may be a result of temporary damming of 
west-flowing drainage in the coulee by aggradation within the Sinlahekin 
Valley to the west. The lacustrine unit represents the infilling of a 
quickly-developed lake. Evidence suggests that the lake was not ice- 
marginal: no penecontemporaneous deformation of the rhythmites was seen; 
no till is associated with the unit; and, although dropstones are common, 
they could easily have been derived from seasonal lake ice. At the 
western end of the lacustrine section, thin distal-type rhythmites 
abruptly overlie outwash gravels; while to the east the basal portion of 
the lacustrine section is comprised of more proximal rhythmites containing 
sand and gravel. This relationship suggests sediment influx from the east 
and is consistent with the west-directed paleocurrent indicators found 
within the advance outwash above and below the lacustrine unit. It is
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uncertain whether the damming was due to Sinlahekin Valley aggradation, as 
suggested here, or local alluvial fan progradation and blockage of the 
coulee or some other cause.
A couple of small exposures of folded and faulted lacustrine 
sediments crop out between altitudes of 450 m and 500 m on the south side 
of Spectacle Lake Coulee just west of Spectacle Lake. The stratigraphic 
position and cause of deformation within these sediments is uncertain, but 
they may have been deposited locally immediately before the advancing ice 
front. The deformation of these sediments could therefore be the result 
of glacier-overidding, since till almost immediately overlies them. The 
elevation of the deformed lacustrine sediments and other sediments that 
appear to be proximal or ice-contact in origin suggests that previously 
deposited advance drift was partially incised by advance outwash streams 
before the area was overrun by the advancing ice.
The olive-gray, typically massive, silty clay that crops out along 
the southern shore of Spectacle Lake is some of the oldest sediment 
exposed in the study area. This lacustrine unit appears undeformed, 
contains few rhythmites, and was not seen to contain dropstones, therefore 
the sediments are not obviously of glaciolacustrine origin. This 
lacustrine unit and some of the other sediments mapped as advance 
stratified drift may actually be of nonglacial origin. However, 
definitive evidence for a nonglacial origin for these sediments is 
lacking. The absence of organic matter in fine-grained facies, typical of 
Olympia nonglacial Bessette Sediments in south-central British Columbia 
(Fulton and Smith, 1978), and the lack of weathering horizons or oxidation 
support the assignment of all sediments exposed stratigraphically beneath 
till in the study area to the advance phase of the Fraser glaciation.
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LODGEMENT TILL COMPLEX
Till is the most abundant surficial deposit mantling uplands within 
the study area. It is well-exposed on Cayuse Mountain and along the walls 
of coulees traversing the study area. Till usually overlies bedrock and, 
in some places, advance stratified Fraser drift. Due to its relative 
impermeability, the till is highly susceptible to erosion and crops out in 
extensive badland exposures. Upland till surfaces are usually streamlined 
or drumlinized. At lower altitudes, the till surface has been cut into a 
series of terraces and channels by meltwater streams and is commonly 
overlain by a thin veneer of outwash. Numerous interbeds of 
glaciolacustrine and glaciofluvial sediment are contained within the till.
Description
Fraser till in the northern Okanogan trough is typically a very 
compact unsorted mixture of pebbles and cobbles in a matrix of silt, sand, 
and minor clay. Thickness of the till is variable. On Cayuse Mountain it 
grades from a feather edge over bedrock to vertical exposures of 100 m. A 
great thickness of till (approximately 100 m) is also exposed along the 
north wall of Spectacle Lake Coulee at Enterprise.
Fresh till is often olive brown in color but varies from light 
yellowish brown to olive gray. Grain-size analyses of four till matrix (< 
2 mm) samples, using dry sieving and pipette methods, show that sand and 
silt dominate with clay as only a minor constituent ^Table 1). Pebbles 
and small cobbles are the most abundant clast sizes. Large cobbles and 
boulders decrease in frequency with increasing size. Rounding generally 
increases with clast size. Pebbles tend to be subangular, while cobbles 
and boulders tend to be subrounded to rounded. Pebble counts from the 
same four till samples (Table 2) indicate Palmer Mountain Greenstone, and
33
TABLE 1.
MATRIX (< 2 mm) GRAIN-SIZE AND COLOR FOR GRAY AND BROWN TILL SAMPLES
%sand %silt %clay color
AL20A 54 33 13 2.5Y 6/4 light yellowish brown
AL20B 41 47 12 5Y 6/2 light olive gray
EN23A 29 57 14 5Y 6/3 pale olive
EN23B 40 46 14 2.5Y 6/4 light yellowish brown
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TABLE 2.









Sandstone, Schist 40 32 21 31
Greenstone 23 46 30 41
Phyllite, Slate,
Shale




14 12 2 12
Chert, Quartzite,
Vein quartz
8 2 8 6
Porphyritic
volcanics
3 0 1 1
Limestone 3 2 4 1
n=100 n=50 n=100 n=100
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metasedimentary rocks of the Anarchist Group and the Kobau Formation 
predominate. Other lithologies are sometimes more abundant elsewhere. 
Coarse intrusive rocks and high-grade metamorphic rocks generally occur as 
rounded cobbles and boulders, suggesting incorporation of advance outwash 
into the till. Faceted and striated stones are present but not abundant.
At some outcrops in the central portion of the study area, till 
subunits of differing color and texture are crudely interstratified ^Fig. 
12). Large ^approximately 1 to 20 m across) irregular patches of gray and 
brown till are exposed at many outcrops. At two exposures, 1- to 5-meter- 
thick subhorizontal layers of brown till are intercalated with layers of 
gray till. At another outcrop 5 to 7 m of brown till overlies 30+ m of 
gray till. A vertical contact (25 m exposed) separating brown till to the 
east from gray till to the west was observed at Enterprise. The specific 
nature of the contacts between the gray and brown till subunits is 
uncertain, although they do appear to range from sharp to gradational. 
Matrix grain-size analyses, color, and pebble counts of pairs of samples 
of gray and brown till taken from two separate localities (EN23 and AL20) 
are shown in Tables 1 and 2. In addition to the brown till having a 
sandier matrix than the gray till at any one site, the brown till 
occasionally contains small lenses of poorly-washed sand and gravel.
The relationship between till clast lithologies and matrix grain-size 
distributions suggests that the proportions of sand and silt in the till 
matrix are respective functions of the abundance of coarse-grained and 
fine-grained clast lithologies present in the till. Till color, however, 
does not vary consistently with matrix texture or clast lithologies. 
Consequently, whether the brown till is a more permeable post- 
depositionally oxidized version of the gray till or is simply derived from 
source rocks of a different color is a matter of speculation.
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Figure 12. Interstratified gray and brown till at locality AL20.
View looking northwest over Horse Springs Coulee.
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Shear planes are present in the till at some localities. They 
consist of subparallel anastomosing fractures, which are frequently filled 
with carbonate, clay, or oxides. The shear planes are generally
subhorizontal but were observed to dip as steeply as 50 degrees. Till 
containing shear fractures is typically very compact.
In places, a zone of very compact, massive pebbly sand or sheared, 
stratified sand is present where till overlies stratified sand and gravel 
of the advance outwash unit (see Fig. 5). The thickness of the zone 
varies from about 20 cm to at least 3 m. Sometimes the massive pebbly 
sand grades downward into sheared, but clearly stratified, sand and 
gravel. The till/pebbly sand contact is usually sharp and very irregular. 
The sand is typically olive-gray-brown colored and contains a significant 
quantity of dispersed silt. Pebbles and cobbles in the sand are either 
scattered or arranged in crude stringers. This unit is most likely the 
result of disruption through shearing imparted to the upper portion of 
the unconsolidated advance stratified drift by the overlying glacier.
Interbeds of glaciolacustrine and glaciofluvial sediment commonly
occur wihin the till unit. Glaciolacustrine sediment is more abundant and
generally consists of thinly laminated to massive, silt, fine sand, and
clay (Fig. 13). Interbeds of glaciolacustrine sediment are found within
till along the southwestern side of Horse Springs Coulee and along the
northern wall of Spectacle Lake Coulee. The interbeds range in thickness
from about 20 cm to 2 m. In one instance, their length was observed to
exceed 100 m. The interbeds sometimes occur in groups of five or less
within a stratigraphic section of till. They are subhorizontal or dip 
0
slightly (10 maximum observed dip). Dropstones are very common, and 
small inclusions (generally < 1 m long) of diamicton (till?) occur within
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the glaciolacustrine sediments at some exposures. Contacts between the 
glaciolacustrine sediments and the surrounding till vary from sharp and 
planar to highly irregular. At one locality a glaciolacustrine lens was 
immediately underlain by very gravelly (washed?) till.
Interbeds of glaciofluvial sediment within drumlinized till were
identified on Cayuse Mountain. The interbeds are composed of stratified or
massive gravel and sand. At one outcrop, three interbeds 1.3 m thick and
about 130 m long contain well-sorted stratified gravel and sand. At
another exposure, an interbed of massive poorly-sorted pebble and cobble
gravel contains small masses of diamicton within it. The glaciofluvial
interbed is about 5 m thick and is at least 50 m long. The interbed
occurs about 10 m beneath the surface, is overlain by till, and may be
associated with an esker which occurs nearby. Both of the interbeds of
glaciofluvial sediment described above have sharp contacts with the
0
surrounding till and have apparent dips of less than 10 to the south. 
Both of the glaciofluvial interbeds occur on the back (south) side of 
drumlins.
Geomorphology and Distribution
Drumlins and fluted ground moraine are the most extensive landforms 
developed from till within the study area. These streamlined features 
provide an important record of local ice-flow directions and basal 
conditions of the Cordilleran ice sheet. Large quantities of till also 
occur along the sides of some coulees in the area. The terraced and 
channeled surfaces of these till masses indicate that they were subject to 
glaciofluvial modification subsequent to their original deposition. With 
the exception of a complex kame-moraine in the Sinlahekin Valley, no 
transverse-to-ice-flow morainic landforms were recognized in the study
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area.
A small group of drumlins occur on the southern portion of Cayuse 
Mountain—a broad upland rising about 300 m above flanking Horse Springs 
and Whitestone Coulees (Fig. 14). Here the general slope of the bedrock 
surface is south. Most of the drumlins (approximately 10) appear to be 
composed entirely of till and the closely associated drift described 
above, although they could be rock-cored. Other drumlins present in the 
area are rock drumlins.
The till drumlins range in length from 610 to 1158 m and average 926
m. Width ranges from 305 to 670 m, averaging 444 m; and height ranges
from 37 to 91 m, averaging 57 m. Length to width ratios range from 1.6 to
3.8 and average 2.1. The drumlins are very streamlined and lack a blunt
up-ice end. Orientation of drumlin long axes is essentially north-south 
0 0 0 
(180 ), ranging from 192 to 170 .
Bedrock is frequently exposed in the depressions between drumlins, 
and the variation in till thickness on southern Cayuse Mountain is 
extreme. Foliation within the underlying metasedimentary bedrock 
generally trends south to southeast (Rinehart and Fox, 1976). A number of 
streamlined bedrock ridges or rock drumlins are found immediately south of 
the till drumlins on Cayuse Mountain. They are smaller and less well- 
formed than the till drumlins but have similar orientations. The rock 
drumlins are probably the result of the parallel orientation of south- 
moving Cordilleran ice to the local bedrock structure.
Portions of central and northern Cayuse Mountain are mantled by 
relatively thin, drumlinized ground moraine characterized by elongate 
ridges that stand above the general level of the ground moraine surface. 
Bedrock is exposed commonly and the streamlined ridges generally trend 
south. Bedding and foliation trends within the bedrock are variable
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Figure 14. Drumlins on Cayuse Mountain. View looking east over 
Horse Springs Coulee. Kame terraces in foreground and on far wall of 
coulee.
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iRinehart and Fox, 1976) and are often oblique or transverse to the
inferred ice-flow direction.
Three obvious streamlined ridges of till can be seen on the south
flank of Palmer Mountain immediately north of Spectacle Lake Coulee.
These ridges, which are slightly less than a kilometer in length, have
0 0 0 0 
southeast trends of 155 , 146 , and 149 . A south-trending U80 )
streamlined till ridge also occurs on the southeast flank of White Rock,
located just across Spectacle Lake Coulee from the northern end of Cayuse
Mountain.
The large quantities of till exposed along the north wall of
Spectacle Lake Coulee bear surfaces modified by fluvial processes. Much
of the terraced area just north of Spectacle Lake is underlain by till
which is widely exposed along the terrace fronts. In some places, the 
till is overlain by thick sequences of ice-contact glaciofluvial and 
glaciolacustrine sediments. Other portions of the kame terrace surface 
appear to have been only beveled and channeled by streams; on these, till 
is exposed at the surface or is overlain only by a very thin gravel cap. 
A similar situation exists along the east flank of Aeneas Mountain and on
a small terrace on the north side of Whitestone Mountain. All of these
areas where mapped as terraced till locally overlain by undifferentiated 
recessional stratified drift iQtsd).
Two small exposures of till were found in a kame-moraine along the
Cecil Creek road in the Sinlahekin Valley. The compact till is overlain
and sided by recessional stratified drift and appears to form only a small 
portion of the moraine's mass.
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Origin
The sequence of till and included glaciofluvial and glaciolacustrine 
sediments occurring beneath the streamlined topography of Cayuse Mountain 
can be termed a 'lodgement till complex'. The term has been used by Eyles 
and others U982) to describe repeated alternations of glaciofluvial 
sediments and lodgement till units deposited during a single depositional 
episode.
Evidence that the surface till is indeed lodgement till includes: U) 
high degree of compaction, ^2) shear planes, (3) occurrence beneath 
subglacially streamlined landforms, and (4) association with subglacially 
deposited fluvial and lacustrine sediments.
The lodgement till complex was deposited from active, wet-based ice. 
Indications that the ice was active include the streamlined and 
drumlinized upland landscape and the ubiquity of lodgement till, as 
opposed to ablation till, at the surface. The presence of subglacially- 
deposited lacustrine and fluvial sediments within the lodgement till 
complex is the most obvious evidence suggesting that the Okanogan lobe, in 
this area at least, was wet-based. The subglacial origin of the 
glaciolacustrine and glaciofluvial interbeds is indicated by the presence 
of numerous dropstones and diamicton inclusions, derived from basal 
debris-laden ice overlying subglacial streams and lakes. The thick 
I approximately 10-50 m) sections of lodgement till overlying many of the 
interbeds suggest that the subglacial lacustrine and fluvial sediments 
were deposited while the Okanogan lobe was active and not during late- 
Fraser stagnation. The presence of an esker above one of the 
glaciofluvial interbeds on Cayuse Mountain may be coincidence. However, 
Eyles and others U982) recognized similar associations in Great Britian 
and suggest long term controls on sites of subglacial stream drainage.
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The absence of ablation till and ice disintegration features on 
upland surfaces such as Cayuse Mountain suggests that in this area, the 
Okanogan lobe was composed of relatively clean ice containing very little 
debris above the basal layers, and that no significant portion of the 
glacier base was frozen to its bed. This is because subpolar glaciers 
^those in part frozen to their bed) generally carry considerable amounts 
of englacial debris derived from the glacier bed, and much of this debris 
is deposited at the surface of the glacier as various forms of ablation 
till iBoulton, 1972). Temperate (wet-based) glaciers, on the other hand, 
carry very little basally derived englacial debris (Boulton, 1972). 
Furthermore, supraglacial debris is minimal on temperate ice sheets and is 
derived mostly from nunataks (Boulton, 1972).
The crudely layered gray and brown till observed at some outcrops 
within the study area may be superimposed lodgement till deposited during 
a single glaciation. Field occurrences and a model describing deposition 
of lodgement till subunits from various flow units within a single glacier 
(Fig. 15) have been reported by Broster and Dreimanis (1981) and Eyles and 
others (1982). The depositional model assumes that an ice sheet is 
composed of multiple ice streams or flow units, which vary in width, 
position, velocity, and basal debris content with time in response to 
numerous glaciodynamic factors. Given a substrate of varying lithology, 
each flow unit will develop a distinct assemblage in its basal debris 
layer; and, as the flow units shift laterally, they will, when the 
conditions are appropriate, deposit some of their basal debris load as 
lodgement till. Therefore, at any given location beneath the glacier, a 
sequence of lodgement till subunits with varying lithologic contents, 
textures, colors, and till fabrics can be deposited.
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CROSS SECTION OF A COMPOSITE ICE LOBE
MELTWATERS
Figure 15. Idealized depositional model for lodgement till
superimposition. (1) Ice-flow units or ice streams la,b,c) have variable
widths from meters to tens of kilometers. (2) Lodgement till
superimposition occurs by lateral displacement of ice-flow units (b) and
ic) by U) or, (3) by erosional episodes below a single flow-unit (X); if
changes occur in the content and/or direction of the material being
transported, till units of differing composition and/or fabric are 
1 2
superimposed , x ). Note subglacial drainage and deposition of 
subglaciofluvial cut and fill channels (from Eyles and others, 1982).
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If the lateral migration of the flow units is accompanied by erosion 
of the till bed, then the lodgement till subunits will be bounded by 
unconformities (Eyles and others, 1982). On the other hand, if the 
process occurs without intervening erosion, the subunits will be 
superimposed conformably ^Eyles and others, 1982). In view of the 
presence of both sharp and gradational contacts between the gray and brown 
lodgement till subunits in the study area, both unconformable and 
conformable superimposition probably occurred.
The two-part brown till/gray till layering seen in the lodgement till 
complex in the northern Okanogan region may suggest derivation from two 
competing flow units. Two large troughs--the Okanogan Valley and 
Similkameen/Sinlahekin Valley run south out of Canada and through the east 
and west sides of the study area, respectively. These large, glacially 
overdeepened troughs would have been likely locations for major ice 
streams of the Okanogan lobe. The alternating brown till/gray till 
sequence seen in the study area possibly records fluctuations in the 
influence of these two ice streams over the interjacent area IFig. 16). 
This suggestion is speculative as there is little substantive evidence 
that supports the derivation of the brown and gray tills from these two 
particular ice streams. However, brown till appears to be more common in 
the eastern portion of the study area, while gray till may be more 
abundant in the western area.
Broster and Dreimanis U981) found that the major difference between 
two till subunits in the southern Rocky Mountain trench was till fabric. 
Perhaps a comparative study of the fabric of the brown and gray tills in 
conjuntion with detailed studies of till structure, matrix grain-size, and 
lithologic provenance would shed some light on their origin. Separation 
of till subunits supposedly derived from the Okanogan Valley and
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Figure 16. Hypothetical model of lodgement till deposition in the 
study area. Distribution of gray till (g) and brown till (b) is 
diagramatic. pQr = bedrock.












Similkameen Valley ice streams on the basis of lithologic provenance alone 
might be difficult as no distinct trends can be seen in the scant pebble 
count data from the brown and gray tills shown in Table 2.
Another plausible and somewhat simpler model for the origin of the 
layered till involves fluctuating hydraulic conditions at the base of the 
ice sheet. The amount of water present at the glacier base can vary with 
time and location. Lodgement till deposited at times of high discharge of 
basal water might be better washed than till deposited at times of low 
discharge of basal water. Because of its higher permeability, the better- 
washed till would subsequently be more readily oxidized and would 
eventually become the brown till. The less well-washed till would remain 
relatively unoxidized as the gray till. This model easily accounts for 
the small, poorly-washed lenses of sand and gravel in the brown till.
The model of fluctuating basal hydraulics is by no means mutually 
exclusive with the model of superimposed lodgement. Perhaps a combination 
of the two models may best explain the observed nature of the layered 
till.
Other models such as basal melt-out of a stratified ice sheet or 
multiple advances are tenable. These other models however, appear to be 
less compatible with field observations. The basal melt-out model in 
subpolar glaciers (Boulton, 1972) entails the freezing-on of subglacial 
meltwater and sediment or intense longitudinal compression behind zones of 
basal freezing, and ensuing melt-out of the englacial debris. The 
resulting landform/sediment association of hummocky kamiform topography 
and flowed diamicton masses interbedded with outwash is not present on 
upland surfaces within the study area.
Origin of the layering from multiple advances is unlikely as the
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alternating sequence of gray and brown till exposed on the southeast side 
of Horse Springs Coulee would require an unrealistic number of advances 
and retreats across the area.
Basal ice-flow directions of the Okanogan lobe in the study area are 
recorded by streamlined landforms and bedrock striae. The orientation of 
drumlins and drumlinized ground moraine on Cayuse Mountain and the 
streamlined ridge to the north at White Rock indicate that ice-flow within 
the central portion of the study area was to the south. In the 
northwestern portion of the study area, along the southern flank of Palmer 
Mountain, streamlined ridges and bedrock striae record southeastward flow 
of the basal portion of the ice sheet. Striae occurring at relatively low 
altitudes near Loomis, indicate that basal ice-flow was locally parallel 
to valley sides.
Along the United States-Canada border Daly (1912, p. 589) found that
"at several elevated points in the plateau-like Anarchist and Kruger 
mountains, well-marked striae and grooves showed that the ice moved 
nearly due east, evidently flowing from the high Okanagan range 
toward the lower ground of the Interior Plateau."
Flint (1935b) reports that in the highland district of the southern
Okanogan region ice tended to move toward the south-southeast, while at
low elevations within the Okanogan trench, ice-flow closely followed local
valley trends. To summarize the ice-flow data from this and previous
studies (Daly, 1912; Flint, 1935b), basal ice flow of the Okanogan lobe
was strongly controlled by local topography. Major ice streams probably
existed within the Okanogan and Similkameen Valleys. Upper ice levels
flowed more uniformly, toward the south away from the central portion of
the ice sheet in British Columbia and east away from the Okanogan Range,
apparently in response to the slope of the glacier surface.
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RECESSIONAL STRATIFIED DRIFT
The Okanogan Valley and coulees tributary to it contain voluminous 
fills of recessional stratified drift. Most of the recessional drift was 
deposited in the presence of stagnating ice and may therefore be termed 
"ice-contact stratified drift." Fine-grained glaciolacustrine and 
glaciodeltaic sediment and glaciofluvial gravel compose the vast majority 
of the recessional stratified drift. These sediments comprise the eskers, 
kames, a kame-moraine, and the numerous kame terraces, including the 
"Great Terrace", of the northern Okanogan region.
Eskers and Kames
Numerous eskers and kames were mapped from aerial photographs in the 
western half of the study area along Horse Springs Coulee ^Plate 1) at 
elevations between the recessional-outwash-covered coulee floor and the 
flanking till-mantled uplands. No eskers or kames were recognized above 
an altitude of 550 m. The eskers and groups of kames generally trend 
southward. Esker tributary branches also converge to the south.
Exposures of esker sediments are meager. Southwest-dipping cross- 
bedded sand and climbing-ripple cross-laminated and poorly laminated fine 
sand and silt are exposed in what appears to be a deltaic- or lacustrine- 
fill associated with a large esker in a shallow basin along the northwest 
side of Horse Springs Coulee.
A series of kames and associated kettles occur along the edge of a 
kame terrace in southwestern Horse Springs Coulee. A roadcut exposure 
through one of the kames displays a few meters of interbedded sand and 
gravel dipping to the south and southeast. Depressions between the kames 
are underlain by massive, poorly sorted gravel and fine sediment, probably 
of colluvial origin.
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Due to the paucity of exposure of their component sediments, little 
can be said about the specific nature and origin of the eskers and kames 
found within the study area. Southerly-dipping cross-stratification and 
esker tributary vergence directions indicate southward paleoflow, which is 
generally consistent with the regional slope of the surface of the 
Okanogan lobe as shown by Waitt and Thorson U983, Fig. 3-1).
Sinlahekin Kame-Moraine
A looped cross-valley moraine composed of moderately deformed, 
stratified drift and minor till is present at the mouth of Cecil Creek in 
the Sinlahekin Valley about 3 km south of Loomis (Figs. 17 and 18). The 
moraine is about 1000 m across and completely blocks the valley except on 
its east side, where it is breached by north-flowing Sinlahekin Creek. 
The upper surface of the moraine has low relief, an average elevation of 
about 480 m, and lies approximately 60 m above the valley floor. North of 
the moraine, the Sinlahekin Valley floor is flat and underlain by Holocene 
alluvium. The north, or proximal, face of the moraine is steep, whereas 
the southern, distal, portion slopes moderately into the hummocky dead-ice 
topography characterizing the valley south of the moraine.
A diverse assemblage of sediments comprises the moraine. Thickly 
laminated to thinly bedded silt, clay, and fine sand, and climbing-ripple 
cross-laminated silt and fine sand are most abundant. The fine sediments 
are most voluminous in the central portion of the moraine, away from the 
valley sides. Dropstones are common in these sediments, while lenses of 
coarser sand, gravel, and diamicton occur infrequently. Approximately 20 
meters of interbedded sand and gravel is exposed in the lower portion of a 
gulley cut into the north-central portion of the moraine. The laminated 
sediments exhibit deformation ranging from typical low-amplitude warping
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Figure 17. Sinlahekin kame-moraine near Loomis (indicated by arrow). 
Ice-contact face is on the left (north). Older glaciofluvial kame 
terraces are present on the flank of Aeneas Mountain across the Sinlahekin 
Valley.
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Figure 18. Topographic map of the Sinlahekin kame-moraine and 




Idips <10 ) to infrequent tight isoclinal folding. Unconformities are 
common, and the degree of sediment deformation appears to decrease 
upsection within the moraine.
Gravel is abundant along the lateral portions of the moraine. It 
unconformably overlies deformed laminated fine sediments or is thickly 
interstratified with them. Conflicting paleocurrent indicators from 
mildly deformed glaciofluvial gravels along the valley wall on the east 
side of the moraine may suggest a southerly paleoflow. On the west side 
of the moraine, an east-sloping surface underlain by coarse gravel may be 
an alluvial fan built on top of the moraine by Cecil Creek. Clast 
lithologies support these interpretations, as greenstone is dominant in 
the east-side gravels, and Palmer Mountain Greenstone crops out 
extensively to the northeast; while granitic rocks are the most abundant 
lithology on the west side, and the Cecil Creek watershed is underlain by 
granitic plutons.
A few exposures of till occur on the distal, western portion of the 
moraine. Whether the limited till exposures are contiguous or scattered 
lenses is unknown. If the till is a single mass, the moraine may be 
partially till-cored.
The Sinlahekin kame-moraine (,here named informally) is an end moraine 
that marks a still stand of a late Fraser valley glacier occupying the 
Sinlahekin Valley. At the time of the moraine's formation, the ice-sheet 
had largely melted from upland areas and disintegrated into a series of 
generally stagnant ice masses harbored in the valleys. Because of its 
position nearer to the supposed late Fraser accumulation area in the coast 
mountains of British Columbia ^Fulton, 1971), the Similkameen/Sinlahekin 
valley glacier may have remained active while ice masses in valleys to the 
south and east were stagnating.
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The laminated silt, fine sand, and clay comprising the central 
portion of the moraine suggest proximal glaciolacustrine or glaciodeltaic 
sedimentation in a proglacial lake. The absence of reliable paleocurrent 
indicators within the fine-grained sediments causes difficulty in 
identifying their major sources. The fine sediments may have been derived 
from lateral, supraglacial, englacial, or subglacial flows originating 
from the glacier terminus, or they may have originated from Cecil Creek, 
or some combination of the above. Clearly, a standing body of water 
existed downvalley of the glacier terminus; and, as underlying or abutting 
ice melted, penecontemporaneous slumping of the sediments occurred. The 
proglacial lake was probably dammed by stagnating ice and drift in the 
lower Sinlahekin Valley.
The flat-floored, alluvium-filled valley north of the moraine 
suggests rapid retreat of the glacier after its stillstand or significant 
modification of that part of the valley by post-Sinlahekin kame-moraine 
streams.
The "Great Terrace"
The prominent terrace first described along the Columbia River by 
Russell (1893) and later traced up the Okanogan Valley by Flint (1935b) is 
known as the "Great Terrace." The "Great Terrace" records a period of 
significant aggradation when water bodies in northeastern Washington were 
adjusted to a temporarily stabilized base level in the vicinity of Chelan 
Falls (Waters, 1933; Flint, 1935b; Waitt and Thorson, 1983). Remnants of 
the "Great Terrace" are the dominant geomorphic feature in the Okanogan 
Valley, and within the study area the "Great Terrace" is well-developed 
along both sides of the river at Tonasket and on the west side of the 
river near Ellisforde (Fig. 19). Exceptionally good exposures of "Great
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Figure 19. Map showing the distribution of the "Great Terrace" 
within the study area. The various line patterns indicate terrace surfaces 
of differing elevation. The segment of the "Great Terrace" northeast of 
Tonasket was not investigated in this study.
1 0 1 2345 km
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Terrace" sediments are located in a large gully system immediately west of 
Tonasket (sec. 17, T37N, R26E).
Description
Previous studies have shown the "Great Terrace" to be composed of 
laminated silt and fine sand, and stratified sand and gravel of 
glaciolacustrine and deltaic origin, with a cap of fluvial gravels 
(Russell, 1893; Waters, 1933; Flint, 1935b). In the vicinity of the 
confluence of the Okanogan and Columbia Rivers, Fryxell (1973) informally 
refered to the two major components of the "Great Terrace" as the "Azwell 
silt" and the "Brewster gravel". Ice-contact deformation of "Great 
Terrace" sediments in the study area was previously recognized by Flint 
(1935b).
Thickness of the glaciolacustrine and deltaic sediments comprising 
the "Great Terrace" is at least 140 m. An unknown thickness of 
recessional ice-contact sediments underlie the Okanogan Valley floor, 
although a test well in the Okanagan Valley near Armstrong, British 
Columbia, passed through approximately 400 m of unconsolidated and 
unweathered, apparently Pleistocene, sediments before bedrock was reached 
(Nasmith, 1962).
Parallel, thinly laminated to thickly bedded silt and very fine sand 
are probably the most abundant facies within the "Great Terrace" at 
Tonasket (Fig. 20). The laminated and bedded silts and sands are, in 
places, graded rhythmites or, more often, appear massive with thin 
partings of fine sand. The laminated sediments are often fissile. The 
thicker beds commonly display a poorly developed internal lamination. 
Thin (typically < 20 cm thick) sections of thinly laminated silt and clay 
rhythmites are present but uncommon. In some sections, thin beds of sand
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Figure 20. Laminated glaciolacustrine silt and fine sand containing 
interbeds of gravel in an exposure of deformed ice-contact "Great Terrace" 
sediments at Tonasket. Jennie Dechant for scale.
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and small pebble gravel are interstratifled with the laminated fine­
grained sediments.
Sequences of climbing-ripple cross-laminated and drape-laminated 
coarse silt and fine sand are also common in "Great Terrace" exposures but 
are subordinate to the parallel laminated silts and sands. The sequences 
typically consist of alternating type A and B climbing-ripple cross­
lamination of Jopling and Walker (1968), draped lamination of Gustavson 
and others (1975), and horizontal lamination (Fig. 21). Cosets of 
climbing-ripples with cross-laminae dipping in a direction opposite to 
virtually all other paleocurrent indicators in the area were observed at 
one outcrop and may be regressive type A climbing-ripples.
Lenses and interbeds of sand and gravel are frequently intercalated 
with the fine-grained sediments of the "Great Terrace" and are 
particularly abundant in exposures along Airport Road on the face of the 
terrace immediately west of Tonasket and in exposures in the "Great 
Terrace" expansion at the mouth of Spectacle Lake Coulee near Ellisforde. 
Interbeds often have significant lateral extent and are generally composed 
of sand or pebbles (Fig. 22). Their thickness varies from a few 
centimeters up to at least 5 m, and they sometimes display well-developed 
planar cross-stratification or horizontal stratification. Lenses on the 
other hand are commonly composed of rounded coarse pebbles and cobbles. 
Although most of the gravel lenses are grain-supported and may exhibit 
crude stratification, some of the lenses are composed of poorly sorted 
gravel in a matrix of sand and silt (Fig. 23).
A cap of fluvial sediment unconformibly overlies the glaciolacustrine 
and deltaic sediments of the "Great Terrace" within the study area. The 















Figure 21 Prodelta slope sediments of the "Great Terrace" at Tonasket.
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Figure 22. Large, slumped interbed of stratified sand and gravel 
within severely disrupted sediment of the "Great Terrace" along Siwash 
Creek northeast of Tonasket.
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Figure 23. Lens of very poorly sorted gravel within laminated silt 
and fine sand of the "Great Terrace". The lens may be of subaqueous 
sediment gravity flow or flowtill origin.
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towards the Okanogan Valley axis, and appears channeled or terraced in 
some exposures. Severe deformation within the underlying silts and sands 
is truncated at the contact, although the gravels themselves are variously 
disrupted. Thickness of the outwash cap varies from zero to approximately 
30 m.
The outwash cap of the "Great Terrace" is composed predominantly of 
interstratified gravel and sand (Fig. 24). Most exposures of the outwash 
sediments are poor, and little information on sedimentary structures can 
be extracted from them; however, a general fining-upward trend from gravel 
to sand and silt is exposed in a 30 m section just west of Tonasket. The 
gravel, in places, is massive, crudely stratified, horizontally 
stratified, or planar cross-stratified. Where massive or crudely 
stratified, gravels are typically imbricated. Beds are generally tabular 
and average about 1 m in thickness. Pebbles predominate, and sorting is 
poor to good. Lenses of coarse sand within the gravel sections commonly 
exhibit horizontal stratification and planar cross-stratification.
In one exposure, stratified sand generally occurs above the gravel 
but is also interstratified with it. The sand is typically horizontally 
stratified or climbing-ripple cross-laminated. Planar cross­
stratification is also present. The sand beds are tabular or lens-shaped, 
and bedding thickness averages about 20 cm. A few beds of massive(?) 
sandy silt occur near the top of the section. These beds are tabular and 
range from about 40 to 70 cm in thickness.
Deformation is nearly ubiquitous within sediments comprising the 
"Great Terrace" in the study area (see Figs. 20, 22, 23, 24). Deformation 
of the fine-grained glaciolacustrine and deltaic sediments is more severe 
than that within the overlying outwash cap and is typified by varying 
degrees of folding, whereas the coarser outwash sediments are more
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Figure 24. Stratified gravel and sand of the "Great Terrace" outwash 




Folding within the glaciolacustrine and deltaic sediments occurs at a 
variety of scales and appears to decrease in severity upsection (Fig 25). 
Deformation ranges from broad, wavy, low-amplitude undulations to large 
isolated isoclinal folds to small, tight complex folds (Fig. 26) to large- 
scale complex folds. Layers of coherently deformed sediment are separated 
by unconformities and are variable in thickness. Gravel lags are sometimes 
present immediately above these unconformities. A few small normal faults 
were observed in the fine-grained sediments exposed on the terrace face 
west of Tonasket.
Faulting appears to be the dominant deformation style within the 
outwash sediment cap. A large, high-angle, reverse fault (see Fig. 24) 
and many small conjugate normal faults were seen in an outcrop in the 
gully west of Tonasket.
The "Great Terrace" is not characterized by a single, regionally 
correlative, upper surface. Rather, a number of terraces ranging in 
elevation from approximately 360 to 425 m define the upper surface of this 
prominent fill in the Columbia and Okanogan Valleys (Fig. 27). Along the 
Columbia River, between Chelan Butte and the mouth of the Okanogan, the 
upper surface of the "Great Terrace" generally lies between 365 and 380 m 
above sea level (Waters, 1933). Upstream from Bridgeport, the "Great 
Terrace" apparently merges with a set of prominent terraces (380 to 420 m 
a.s.l.) cut into the Nespelem silt terrace (Flint, 1935b). Along the
Okanogan River, south of the study area, "Great Terrace" elevations range
from 375 to 410 m (Flint, 1935b). In general then, there is a progression
of increasing "Great Terrace" surface altitudes as one proceeds upstream




Figure 25. Exposure of "Great Terrace" glaciolacustrine sediments 
showing numerous unconformities and an upsection decrease in the degree of 
deformation. Note the large roll-up structure on the left isoutheast) 
side of the photo.
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Figure 27. Longitudinal profile of the "Great Terrace" along the 
Okanogan River and Columbia River. The "Great Terrace" is generally 
preserved along the west sides of the rivers, except at Tonasket and south 
of Chelan Falls, where remnants are also found along the east sides of the 
rivers. The extreme upstream and downstream segments of the "Great 
Terrace" are incised surfaces. The convex-upward terrace surfaces between 
Riverside and Okanogan are outwash fans built out from tributary coulees. 
Profile developed from 7 1/2- and 15-minute topographic map quadrangles 
and point elevations reported by Waters (1933).
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Within the study area, the stepped upper surface of the "Great 
Terrace" ranges in elevation from about 380 to 425 m, although collapsed 
portions of the terrace occur at lower altitudes. The terrace surface at 
the mouth of Horse Springs Coulee and that on the east side of the river 
south of Tonasket (Fig. 28) have average elevations of approximately 420 
and 415 m, respectively. These terrace surfaces appear coincident with 
those along the northern end of Wagonroad Coulee to the south. A lower 
terrace surface (average elevation 402 m) at the mouth of Whitestone 
Coulee (Fig. 29) is partially incised into the higher terrace originating 
from Horse Springs Coulee. A few kilometers north of Tonasket, the 
northernmost "Great Terrace" remnant (Flint, 1935b), located along the 
west side of the river and at the mouth of Spectacle Lake Coulee, has an 
average altitude of approximately 380 m. A small terrace remnant with a 
surface altitude of about 405 m occurs along the northeastern flank of 
Whitestone Mountain, behind the 380 m terrace.
The "Great Terrace" commonly occurs at the mouths of coulees and 
stream valleys tributary to the Okanogan and Columbia Valleys. Its 
surface typically slopes away from tributaries toward the valley axes, 
though downvalley slope of individual "Great Terrace" surfaces within the 
study area is not readily apparent in the field or from existing 
topographic maps. Flint (1935b) noted that the upper surface of the 
"Great Terrace" is marked by meander scarps and meander channels, by fans 
having apices at tributary mouths, and by extensive groups of kettles.
No meander scarps or meander channels were recognized on the "Great 
Terrace" surface in the study area. Instead, aerial photographs show 
braided patterns on the terrace surface at the mouth of Horse Springs 
Coulee. Meander scarps are cut into "Great Terrace" fill at elevations 
significantly lower than the terrace's upper surface. Large, incised fans
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Figure 28. The "Great Terrace" on the east side of the Okanogan 
River at Tonasket. Note the numerous cut-terraces below the uppermost 
surface.
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Figure 29. The "Great Terrace" at the mouth of Whitestone Coulee 
just west of Tonasket.
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are present on the "Great Terrace" east of the Okanogan River, immediately 
south of Tonasket. Kettles are abundant on the "Great Terrace" at the 
mouth of Spectacle Lake Coulee and on the large terrace east of the river. 
Aeneas Lake, near the mouth of Horse Springs Coulee, is a kettle lake.
From Tonasket south to Aeneas Creek, the face of the "Great Terrace" 
along the west side of the Okanogan Valley slopes moderately and appears 
to be a collapsed ice-contact face little modified by lateral erosion by 
the river. Terrace faces east of the river and along the west side of the 
Okanogan Valley north of Tonasket are steep and are marked by multiple cut 
terraces which are described below.
Origin of the "Great Terrace"
The interpretation made by Waters U933) and Flint (1935b) that the 
"Great Terrace" resulted from glaciolacustrine and deltaic sedimentation 
in a series of ice-marginal lakes along the Columbia and Okanogan River 
Valleys is supported by this study. The "Great Terrace", therefore, is a 
very large kame terrace, or, more appropriately, a series of kame 
terraces. Although deformation partly obscures the facies relationships 
among the sediments comprising the "Great Terrace" in the study area, 
interpretation of available evidence suggests that the majority of the 
sediments were deposited in a proximal glaciolacustrine and prodelta slope 
environment (Fig. 30).
By analogy to Pleistocene glacial lake sediments described by Ashley 
(1975), the parallel laminated and bedded silt and sand were most likely 
deposited in a proximal glaciolacustrine or distal deltaic setting. Sand 
layers in this facies suggest relative proximity to a sediment source. 
The clay-rich graded rhythmites, on the other hand, were probably 
deposited in a more distal environment away from sediment sources.
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Figure 30. Block diagram illustrating the deposition of "Great 
Terrace" sediments in a deltaic and glaciolacustrine environment over 
stagnating ice in the Okanogan Valley. The persective is intended to be 












The climbing-ripple sequences are most likely prodelta slope deposits 
^Fig. 30). They record deposition from turbidity currents that probably 
originated as underflows issuing from meltwater streams (Gustavson and 
others, 1975; Gustavson, 1975). Thin clay layers in the climbing-ripple 
sequences suggest that the sequences are proximal rhythmites. The 
climbing-ripple sequences of the prodelta slope are most likely proximal 
equivalents of the thin sand layers of the more distal deposits lAshley, 
1975).
The interbeds and lenses of stratified sand and gravel of the "Great 
Terrace" are probably fluvial topset beds of delta plain or delta front 
distributary origin. Multiple slumping events on the delta front and 
prodelta slope possibly caused the topset sands and gravels to become 
intercalated with the fine-grained prodelta slope and glaciolacustrine 
deposits. Depending on the intensity of disruption, the topset sediments 
could either be transported downslope as relatively coherent masses, such 
as that seen in Figure 22, or they could be mobilized into gravity flows 
and redeposited downslope, possibly as channel fills. Some of the coarse­
grained matrix-supported gravels may be flowtills derived from local 
ablating ice.
The ubiquitous deformation of "Great Terrace" sediments within the 
study area and the abundance of kettles and other surface collapse 
features indicate long-term presence of stagnating ice within the Okanogan 
trough during the Fraser recession. Although simple gravity sliding of 
oversaturated sediments could have been responsible for some of the 
deformation seen, the degree and prevalence of disruption implies a 
chronic slide-triggering mechanism—melting of underlying or abutting ice. 
The numerous unconformities between coherently deformed layers of sediment
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indicate that periods of normal glaciolacustrine and deltaic sedimentation 
were punctuated by frequent slumping events.
Paleocurrent and paleoslope indicators found in relatively 
undisturbed "Great Terrace" sediments exposed in the gully system 
immediately west of Tonasket suggest sediment inflow from Whitestone 
Coulee and a southeast-facing paleo-prodelta slope (Fig. 30). Cross­
laminations in type A climbing-ripple sequences dip toward the southeast 
and south-southeast. Isolated isoclinal folds (Fig. 31) have axial planes 
which strike northeast. The folds are presumed to have formed 
perpendicular to the paleoslope as a relatively coherent layer of sediment 
slid down the prodelta slope and buckled. Planar cross-stratification in 
undeformed(?) coarse sand and pebble gravel, exposed approximately 40 m 
below the surface of the "Great Terrace" along McLoughlin Canyon Road on 
the east side of the Okanogan Valley, dips generally to the southwest.
The cap of gravel and sand overlying the glaciolacustrine and deltaic 
sediments of the "Great Terrace" records a period of fluvial sedimentation 
subsequent to the ice-marginal-lake phase. Possibly, the cap sediments 
were deposited in a number of settings, including delta plain, proglacial 
outwash, and alluvial fan.
Paleocurrent indicators within cross-stratified and imbricated cap 
gravels west of Tonasket again suggest that currents originated from 
Whitestone Coulee. However, paleocurrent directions derived from type A 
and B climbing-ripple cross-lamination in sand overlying the gravel at the 
same locality indicate paleoflow to the southwest, along the axis of the 
Okanogan Valley.
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Figure 31. Northeast-striking isoclinal fold within laminated "Great 
Terrace" sediments. The fold presumably formed perpendicular to the 
Whitestone Coulee delta paleoslope. Note pick-axe for scale.
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Summary of the origin of the "Great Terrace"
Stagnating ice in the Okanogan Valley lowered to a point such that 
ice-marginal drainage was influenced by the temporary, regional base level 
established near Chelan Falls--possibly from dairaning of the Columbia 
Valley by the outwash train and terminal moraine of the Okanoagn lobe 
CFig. 3). Subsequently, a series of closely-connected ice-marginal lakes 
developed. The scarcity of distal rhythmites within the "Great Terrace" 
sediments suggests that the lakes were relatively small in volume or that 
flowthrough was relatively rapid. Whether the lakes extended over the 
stagnating ice and filled the width of the valley or were located between 
the ice and the valley wall is unknown.
Waitt and Thorson (1983) proposed that a single, extensive body of 
water--their Lake Brewster--extended up the Columbia and Okanogan Valleys 
against the retreating glacier. However, because of the significant 
altitudinal differences between "Great Terrace" segments and the possible 
evidence for small lake volumes, a series of ice-marginal lakes rather 
than a large single lake appears more likely. The ice-marginal lakes were 
probably dammed by outwash fans or stagnating ice iFlint, 1935b).
Deltas prograded out into the ice-marginal lakes from Horse Springs, 
Whitestone, and Spectacle Lake Coulees. As ice supporting the deltaic and 
glaciolacustrine sediments melted, repeated slumps occurred causing 
abundant penecontemporaneous soft sediment deformation, and possibly 
transporting coherent masses of topset sediments down onto the lower 
prodelta slope. As the lakes infilled, outwash prograded over the deltaic 
sediments. Elevations and cross-cutting relationships indicate that 
Horse Springs Coulee was first to be abandoned by outwash streams, 
followed by Whitestone Coulee, and finally Spectacle Lake Coulee. Antoine 
Valley, Bonaparte Creek valley, and McLoughlin Canyon (Plate 1) were
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probably sources of sediment inflow for the terraces on the east side of 
the Okanogan River.
The stratified sand that contains southwest-directed paleocurrent 
indicators and overlies Whitestone Coulee-derived gravel of the “Great 
Terrace" outwash cap suggests the establishment of a south-flowing fluvial 
system within the Okanogan Valley after Whitestone Coulee had been 
abandoned by outwash streams. The sand could mark the early phase of the 
incision of the "Great Terrace" by the Okanogan River.
The presence of kettles on the upper surface of the "Great Terrace" 
and on younger terraces cut into it indicates that ice was present within 
the "Great Terrace" sediments for some time after its construction.
Other Kame Terraces
Numerous kame terraces found along the various coulees of the study 
area and at elevations higher than the "Great Terrace" east of the 
Okanogan River record sucessive ice margin positions of the downwasting 
Cordilleran ice sheet during the Fraser recession. The kame terraces 
occurring above the "Great Terrace" on the east side of the river were not 
investigated in this study. However, Flint (1935b) described them as 
being predominantly ice-marginal glaciolacustrine in origin.
Kame terraces within the study area range in elevation from
approximately 380 to 670 m, although higher terraces occur nearby. Like
those east of the Okanogan River, these terraces generally become more 
voluminous and continuous at lower elevations. The higher terraces along 
Spectacle Lake, Horse Springs, and Whitestone Coulees are predominantly 
erosional in origin. They are underlain chiefly by till and typically 
have thin (approximately 1-3 m) caps of poorly sorted gravel.
A series of discontinuous terraces and channels is cut into till at
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lower altitudes along the southwestern side of Horse Springs Coulee. A 
cap of poorly-sorted but rounded gravel (1-3 m thick) is conmonly found on 
these surfaces. Where the gravel cap is relatively thick and continuous 
and the terrace surfaces are well-developed, the area was mapped as 
recessional outwash (Qro). Where the gravel cap appeared to be thin or 
absent and no terrace surfaces occur, the area was mapped as ground 
moraine (Qt). Some of the higher surfaces appear to be overlain by mounds 
of kame gravel, and were mapped as terraced till locally overlain by 
undifferentiated recessional stratified drift (Qtsd). In some places, 
such as the east flank of Aeneas Mountain, poorly exposed drift, composed 
primarily of till and minor amounts of stratified sediment, is banked 
against bedrock and generally lacks distinctive terrace surfaces. These 
deposits were also mapped as Qtsd.
Some of the kame terraces found below an elevation of approximately 
510 m are composed of deformed stratified silt, sand, and gravel. These 
terraces are present along the Sinlahekin Valley north of the looped kame 
moraine, at Tunnel Flat near Loomis, along the north side of Spectacle 
Lake Coulee, and at the southeast end of Horse Springs Coulee. Laminated 
and thinly bedded silt and fine sand are typically most abundant, although 
graded rhythmites and climbing-ripple cross-lamination are sometimes 
present. Interbeds and lenses of stratified sand and pebble gravel are 
common, and lenses of diamicton (till?) and dropstones are also present. 
Deformation within these sediments is generally characterized by broad, 
open folds, and minor faults.
Similar ice-contact stratified drift mapped as kame terrace deposits 
is exposed as low as 420 m along the north side of Spectacle Lake. 
However, the terrace surface above these deposits, which has an average
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elevation of about 450 m, may have been cut by a proglacial meltwater 
stream rather than an ice-marginal stream.
Along the west sides of Horse Springs and Whitestone Coulees and the 
north side of Spectacle Lake Coulee, kame terraces composed predominantly 
of gravel also contain lenses of diamicton, which appear to grade into 
massive and crudely stratified gravel and sand. Hummocky topography, 
kames, and kettles are present along what were apparently the ice-contact 
faces of a few of these terraces.
The kame terraces were formed in an ice-marginal valley-side setting 
at a time when the disintegrating Okanogan lobe had downwasted to such an 
extent that stagnating ice still occupied valleys but was absent from 
highland areas. The discontinuous and predominantly erosional nature of 
the higher, earlier-formed kame terraces suggests relatively brief 
reworking of the underlying till surface by downcutting ice-marginal 
streams and implies relatively rapid downwasting of the stagnant ice 
masses. Large channels are cut into some of these terraces surfaces; 
those in Spectacle Lake Coulee slope west, while channels and terrace 
surfaces in Horse Springs and Whitestone Coulees slope south.
Those kame terraces composed of deformed stratified silt, sand, 
gravel, and diamicton record sedimentation in ice-marginal lakes and 
deltas. The included diamicton masses are probably flowtills derived from 
the adjacent wasting ice. The deformation of the sediments is also 
evidence of adjacent melting ice. As suggested by Rinehart and Fox 
U972), the lack of continuity of the kame terrace surfaces within the 
study area indicates that they were not formed in a single, extensive body 
of water, but in a series of locally dammed lakes.
A similar origin can be ascribed to the glaciofluvia'l sand and gravel 
kame terraces. In this case, deposition was from outwash streams flowing
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over and adjacent to wasting ice. The diamicton-bearing gravels suggest 
reworking and incorporation of locally derived ablation till. Some of the 
kame terraces along the north side of Spectacle Lake Coulee slope south 
towards the valley, which suggests that they may have formed as ice- 
marginal fans. West-sloping terraces below an elevation of 510 m in the 
western portion of Spectacle Lake Coulee indicate streamflow reversals in 
the coulee that are probably associated with melting of stagnant ice 
within the coulee and the adjacent Okanogan and Similkameen Valleys.
Recessional Outwash
The floors of Horse Springs and Whitestone Coulees are covered with 
recessional outwash that is continuous with the outwash cap of the "Great 
Terrace" described above. Recessional outwash also forms many terraces 
within Spectacle Lake Coulee and caps the numerous cut terraces along the 
Okanogan Valley.
Exposures of recessional outwash at the northern end of Horse Springs 
Coulee and at Whitestone Flats reveal generally south-dipping stratified 
gravel and sand. The outwash exposed there and within Spectacle Lake 
Coulee is very similar to that exposed in the "Great Terrace" outwash cap. 
Pebble gravel is predominant in the recessional outwash. It is thin to 
thickly bedded and is typically massive or crudely stratified. Clasts of 
Palmer Mountain Greenstone and, to a lesser degree, granitic rocks, are 
very abundant. Interbeds of sand are common and exhibit planar and trough 
cross-stratification. In some sections, sand is more abundant than 
gravel.
The distinction between kame terraces composed of glaciofluvial 
material and recessional outwash, as mapped in this study, is somewhat 
arbitrary. Kame terraces are landforms and are by definition ice-contact.
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Recessional outwash, on the other hand, is a deposit and can be ice- 
contact or proglacial. Criteria used to divide kame terraces from 
recessional outwash include morphology, altitudinal position, and 
composition and structure of the sediment. Coulee floors and terraces not 
obviously of ice-contact origin were generally mapped as recessional 
outwash, as was the fluvial sediment cap of the "Great Terrace".
While stagnating ice still occupied the valleys of the region, 
recessional outwash, sometimes as kame terraces, was being deposited in 
Horse Springs, Whitestone, and Spectacle Lake Coulees, the Sinlahekin 
Valley, and on top of the "Great Terrace" in the Okanogan Valley. As base 
level dropped due to downwasting of local ice, and sediment influx 
decreased, the recessional outwash fills in Horse springs and Whitestone 
Coulees were incised. Incision progressed to an altitude of about 485 m 
at the north end of Horse Springs Coulee, at which time the coulee was 
abandoned and its inlet was left hanging above Spectacle Lake Coulee to 
the north (,Fig. 32). A very prominent outwash fill at the northern inlet 
to Whitestone Coulee ^Whitestone Flats, elevation approximately 450 m) was 
deposited and later incised to a level of 420 m, at which time that coulee 
was also abandoned and left hanging above Spectacle Lake Coulee. The 
numerous kettles at Whitestone Flats (Fig. 33); in Horse Springs Coulee, 
at its northern end and near Stevens Lake; and at Aeneas Lake indicate 
that some wasting ice outlasted the final occupation of these coulees by 
outwash streams.
After abandonment of Horse Springs and Whitestone Coulees, outwash 
deposition continued in Spectacle Lake Coulee. Terrace slope directions 
indicate that late-stage recessional outwash streams occupying Spectacle 
Lake Coulee flowed from west to east. Downcutting continued as indicated
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Figure 32. Northern entrance to Horse Springs Coulee. The coulee 
was abandoned by recessional outwash streams and left hanging above 
Spectacle Lake.
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Figure 33. Kettled recessional outwash at Whitestone Flats.
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by the multiple terrace surfaces below the elevation of the inlet to 
Whitestone Coulee (elevation approximately 420 m). The late-stage streams 
originated in the Similkameen drainage and flowed down the Sinlahekin 
Valley and into Spectacle Lake Coulee at Loomis.
Timing of Recessional Events
The timing of Fraser recessional events of the Okanogan lobe is 
poorly constrained as few numerical dates exist from Fraser glacial 
deposits east of the Cascades.
The last major scabland flood, dated at 13,000 yr BP by Mullineaux 
and others (1978), apparently also passed through the western segment of 
the Columbia River Valley, indicating that the Okanogan lobe had largely 
retreated to a position north of the Columbia Valley by that time (Waitt, 
1977).
Deposition of glaciolacustrine sediments comprising the "Great 
Terrace" of the Columbia Valley probably began shortly after the initial 
retreat of the Okanogan lobe. Waterlain Glacier Peak tephra layer G, 
present in a distributary channel on the surface of the "Great Terrace" at 
Brewster, suggested to Fryxell (1973) that streams were still flowing 
across the terrace at the time of the eruption 11,200 yr BP (Mehringer and 
others, 1984). Subaerially deposited Glacier Peak tephra is also found on 
a 305 m terrace surface near Chelan, indicating that dissection of at 
least the southern portion of the "Great Terrace" had begun by 11,200 yr 
BP (Fryxell, 1973).
Because Glacier Peak tephra was not recognized in the study area, the 
age of the upper surface of the "Great Terrace" at Tonasket cannot be 
constrained by the ash. If the "Great Terrace" in the study area is 
contemporaneous with that at Brewster, then it too is approximately 11,000
86
years old. However, the contemporaneity of the "Great Terrace" along the 
Oknaogan and Columbia Valleys is unproven and debatable. For example. 
Porter U978) suggested that ice still covered much of the northern 
Okanogan Valley at the time Glacier Peak tephra was being deposited on the 
"Great Terrace" to the south.
One of the original goals of this study was to search for evidence of 
a Sumas-equivalent readvance in the Okanogan trough. The Sinlahekin kame- 
moraine is the most likely candidate as evidence for a Sumas readvance in 
the study area, but because it has not been dated directly, such a 
correlation is speculative. Morphostratigraphic relationships suggest the 
kame-moraine is roughly contemporaneous with the "Great Terrace" at 
Tonasket. If one believes that the "Great Terrace" in the study area is 
the same age as the "Great Terrace" along the Columbia River, then the 
Sinlahekin kame-moraine may be about 11,000 years old and might therefore 
be a Sumas equivalent. The Sumas Stade in the Fraser Lowland is dated at 
11,400 to 10,000 yr BP (Easterbrook, 1963; Armstrong and others, 1965; 
Armstrong, 1981).
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POST-"GREAT TERRACE" CUT TERRACES IN THE OKANOGAN VALLEY
A series of terrace remnants, cut into fine-grained glaciolacustrine 
sediments, occur below the upper surface of the "Great Terrace" along the 
Okanogan Valley (Fig. 28). These unpaired terraces range in elevation 
from approximately 280 to 390 m. Caps of fluvial gravel, a few meters 
thick, overlie the erosion surfaces; and alluvial fans commonly lap onto 
the rear portions of the terraces. Hummocky depressions, apparently 
kettles, are present on the lowest terrace surface, which is only 10 m or 
so above the modern Okanogan River floodplain. The cut terraces record 
base level lowering consequent to incision of the outwash train and 
terminal moraine at Chelan Falls (Fig. 3) and the near-complete wasting of 
ice within the Okanogan Valley.
Fryxell ^1973) recognized an especially prominant cut terrace—the 
"Osoyoos terrace"--near the confluence of the Okanogan and Columbia Rivers 
and traced it northward along the Okanogan to its origin at Osoyoos Lake 
near Oroville iFig. 2). An obvious correlative of the "Osoyoos terrace" 
was not recognized in the study area. The largest terrace below the upper 
surface of the "Great Terrace" in the study area occurs along the west 
side of the river at an elevation of about 280 m. This terrace is below 
the approximately 305-meter elevation of the "Osoyoos terrace" at the 
mouth of the Okanogan River and cannot therefore be correlative with it. 
Perhaps one of the smaller terrace remnants in the study area (elevations 
approximately 320 m, 345 m, 390 m) are correlative with the "Osoyoos 
terrace."
The cut terraces resulted from downcutting and lateral erosion of the 
"Great Terrace" fill by the Okanogan River and its tributaries. The 
kettled surface of the lowest terrace indicates that some ice was still 




A blanket of loess generally overlies Fraser drift throughout much of 
the northern Okanogan trough. The loess is composed of medium brown fine 
sand, silt, and volcanic ash, and averages about 70 cm in thickness. It 
is often colluviated on hi 11 slopes and frequently contains numerous 
pebbles. Near the bottom of slopes, loess reaches thicknesses of 2 to 2.4 
m.
The loess layer is generally thicker on older surfaces, although it 
also appears to thin with increasing elevation. Upland bedrock surfaces 
often have only a thin, patchy cover of loess. The loess blanket 
overlying the "Great Terrace" west of Tonasket thins progressively away 
from the Okanogan Valley, suggesting that the floodplain of the Okanogan 
River was the source of the loess.
HOLOCENE DEPOSITS AND LANDFORMS
Alluvial fans are the most striking post-glacial landforms in the 
study area. They are particularly abundant within Spectacle Lake Coulee, 
where they coalesce and cover most of the coulee floor and dam Whitestone 
and Spectacle Lakes. Alluvial fans are virtually always present at the 
mouths of streams and gullys and below badland till exposures. Many of 
the alluvial fans within the study area are actively aggrading at the 
present time.
Roadcuts through a few of the fans expose poorly sorted gravel in a 
fine-grained matrix, suggesting they are predominantly of debris flow 
origin. Ryder (1971) found that alluvial fans in south-central British 
Columbia are composed of both fluvial and debris flow material, with the
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smaller fans generally having a greater debris flow component. Glacial 
drift--mostly till--apparently supplied most of the debris flows.
The major deposits of Holocene floodplain alluvium within the study 
area lie along the floors of the Okanogan and Sinlahekin Valleys. 
Alluvium on the floor of the Okanogan Valley is composed fine sand, silt, 
and minor gravel, and much of it is probably derived from fine-grained 
recessional kame terrace deposits. The Okanogan River has a very low 
gradient except where tributaries introduce coarser sediment and a locally 
steepened riffle develops along the mainstem. Alluvium comprised of silt 
and sand also underlies the Sinlahekin Valley, which contains the grossly 
underfit, north-flowing Sinlahekin Creek.
Spectacle Lake, Whitestone Lake, and Stevens Lake all have marshes 
along portions of their shores. The marshes are very likely underlain by 
appreciable Holocene peat deposits. Many of the small, intermittent lakes 
present in the uplands of Cayuse and Whitestone Mountains are quite 
saline. Salts and fine-grained clastic sediments are frequently deposited 
within and around the rims of these lakes.
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GEOLOGIC HISTORY AND GEOMORPHIC DEVELOPMENT
Pre-Fraser Drainage
The post-Eocene to pre-late Miocene cataclastic western border of the 
Colville batholith has largely determined the course of the Okanogan River 
^Waters and Krauskopf, 1941). Whether the Okanogan was originally a 
subsequent stream developed along this zone of weakness or a consequent 
stream occupying a Tertiary syncline is uncertain. The large salient of 
Columbia basalt in the southern Okanogan region suggests that a sizable 
topographic trough—the ancestral Okanogan Valley^?)—existed prior to the 
late Miocene.
The early development of the Similakameen drainage is also poorly 
known. South of the international border, the stream valley approximately 
follows the contact between the plutons underlying the Okanogan Range and 
the Paleozoic metasedimentary and younger rocks to the east.
Drastic disruption of drainage involving the Similkameen River has 
occurred within the Okanogan region. Abandonment of the Sinlahekin Valley 
by the Similkameen River was first recognized and attributed to glacial 
events by Willis U887) and later by Dawson U898). They believed that 
drift and ice occupying the lower Sinlahekin Valley caused diversion of 
the Similkameen to the east. Rinehart and Fox U972) more specifically 
suggested that sucessive blocking of the Sinlahekin Valley by either drift 
or stagnating ice caused diversion of melt water through, and consequent 
erosion of. Spectacle Lake Coulee and the canyon occupied by the eastward­
flowing segment of the Similkameen River.
The presence of Fraser advance stratified drift and till at Shankers 
Bend on the east-west segment of the Similkameen River iFig. 2) and in 
Spectacle Lake Coulee indicates that the two canyons were cut prior to the
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last glaciation. The diversions were likely the result of glacial ice or 
drift blocking the Sinlahekin Valley, so the two east-west canyons must 
have been cut during a pre-Fraser glaciation.
Horse Springs Coulee and Whitestone Coulee also may have been cut by 
a diverted ancestral Similkameen River, possibly before the cutting of 
Spectacle Lake Coulee was complete. Glacial scour may have significantly 
deepened the channels, since they are alligned parallel to the inferred 
direction of glacier flow in the region. Figure 34 is a cross-section of 
the bedrock channel present beneath the outwash fill in Whitestone Coulee.
Fraser Advance
Buildup of the Cordilleran ice sheet on the Interior Plateau of 
south-central British Columbia began with the coalesence of piedmont 
glaciers originating in the Columbia and Coast Mountains. Radiocarbon 
dates indicate that extensive ice buildup had not begun in the valleys of 
the Columbia Mountains prior to 21,000 yr BP (Fulton and Smith, 1978), and 
that complete ice sheet inundation of southeastern British Columbia did 
not occur until after 17,500 yr BP (Clague and others, 1980), although 
complete buildup may have occurred earlier in the south-central portion of 
the province where the youngest limiting date is about 19,000 yr BP 
(Fulton and Smith, 1978).
Nasmith (1962) states that the first ice to appear in the Okanagan 
Valley in British Columbia was from the Monashee Mountains, a subrange of 
the Columbia Mountains, to the east. Because the Similkameen Valley is 
closer to the Coast Mountains and the North Cascade Range, it may have 
initially been occupied by ice from the west. As the Fraser glaciation 
intensified, large valley glaciers probably expanded southward along the 
Okanogan and Similkameen Valleys before the great thickness of ice began
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Figure 34. Cross-section of Whitestone Coulee at latitude
0
48 43' 50" including subsurface bedrock topography determined from well
data provided by Lloyd Ulrich. Heavy vertical lines in subsurface are well 
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accumulating on the Interior Plateau of British Columbia.
Waitt (1972) speculates that the ice-sheet glaciation of the Okanogan 
Valley commenced earlier, and persisted later, than in the adjacent Methow 
Valley due to the high passes at the northern headwaters of the Methow 
drainage being less efficient for ice flow than the comparatively wide and 
low upper Okanogan Valley. Possibly, for similar reasons, ice arrived 
earlier and persisted later in the Okanogan Valley region than in the 
Okanogan Highlands farther east.
The numerous cirques and other alpine glacial landforms present in 
the Okanogan Range indicate that the range has undergone significant 
alpine glaciation in the past. Waitt (1972) reports geomorphic evidence 
of an extensive pre-Fraser alpine phase in the Methow drainage basin, but 
he found no evidence indicative of a more specific age. Whether alpine 
glaciers were present in the Okanogan Range during the Fraser advance of 
the Cordilleran ice sheet and contributed to its nourishment or whether 
they had retreated by the time of the ice sheet advance, as alpine 
glaciers on the western slope of the Cascades had done (Mackin, 1941), is 
unknown.
Advance of Cordilleran valley glaciers down the major north-south 
troughs of the region must have been accompanied by outwash alluviation. 
The upsection progression from distal to proximal advance outwash exposed 
within Spectacle Lake Coulee has apparently recorded the approach of the 
Fraser glacier. Unequal aggradation of the Okanogan and Similkameen 
Valleys is suggested by the lacustrine sediments and the reversals of 
outwash paleocurrent directions in the interconnecting Spectacle Lake 
Coulee. After Spectacle Lake Coulee had been filled by advance outwash 
(and ice?), proglacial streams began flowing south through Horse Springs 
Coulee as indicated by the presence there of Fraser advance outwash.
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The fills of advance outwash that must have occupied the Okanogan and 
Similkameen Valleys were subsequently scoured out by vigorous ice streams 
because of their favorable orientation to the flow of the discharging ice 
of the Okanogan lobe. Some advance sediments were preserved along the 
east-west segment of the Similkameen River and in Spectacle Lake Coulee 
because of the transverse-to-ice-flow orientation of the canyons.
The occurrence of large, rounded clasts of massive and laminated silt 
and clay within coarse advance outwash implies the presence of frozen 
ground within the Okanogan region at the time of the Fraser advance. The 
fragile nature of the silt and clay clasts, as well as the coarseness of 
the outwash in which they are found, suggests that the clasts must have 
been frozen in order to survive transport.
Fraser Main Phase
At the time of the maximum stand of the Okanogan lobe, Cordilleran 
ice completely covered the Okanogan trough and only a few nunataks 
projected above the surface of the ice sheet (Fig. 3). The ice sheet 
surface was at an elevation of approximately 2500 m along the U.S.A.- 
Canadian border north of the study area, and about 2000 m at the latitude 
of Omak, about 35 km south of the study area (Waitt and Thorson, 1983, 
Fig. 3-1). Thickness of the ice was at least 2200 and 2000 m over the 
Okanogan and Similkameen Valleys, respectively, at the international 
border. In the northern Okanogan Valley region the surface of the ice 
sheet sloped south-southeast, away from the northern end of the North 
Cascade Range and the Coast Mountains of British Columbia. Only the 
highest peaks of the Okanogan Range and the Okanogan Highlands projected 
above the ice as nunataks along the west and east sides of the Okanogan 
lobe (Waitt, 1972; Waitt and Thorson, 1983, Fig. 3-1).
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The lodgement till complex that mantles uplands within the study area 
indicates that the Okanogan lobe was wet based, at least in the northern 
Okanogan trough. Striae and streamlined subglacially-derived landforms 
suggest that ice flow within the Okanogan lobe was generally to the south 
and southeast, except where local topographic features caused diversions.
The Okanogan and Similkameen Valleys north of the study area are 
well-developed glacial troughs. Nasmith ^1962) attributed the deep 
glacial erosion of the Okanogan Valley to a large valley glacier which 
preceeded the ice-sheet phase of glaciation, rather than to erosion by the 
ice sheet itself. The distinct U-shape of the Similkameen Valley north of 
Loomis can also be attributed to erosion by valley glaciers, particularly 
in view of the abundant alpine glacial features present in the Okanogan 
Range immediately to the west.
Alternatively, much of the glacial erosion of these troughs, and 
particularly that of the Okanogan Valley, may be due to the effects of 
active ice streams within the Cordilleran ice sheet. Ice streams are 
known to occur in large ice sheets and ice caps, where they occupy linear 
depressions and serve as conduits of rapidly moving ice (Sugden and John, 
1976, p.64). A 2200+-meter-thick ice stream, moving unimpeded through the 
relatively straight Okanogan Valley, would be a likely agent of intense 
glacial erosion.
During the Fraser maximum, the Okanogan lobe built a large terminal 
moraine on the Columbia Plateau approximately 120 km south of the study 
area. The large size of the moraine has suggested to some authors 
(Easterbrook, 1979; Waitt and Thorson, 1983) that the Okanogan lobe 
remained at its terminal position on the Columbia Plateau for quite some 
time. In contrast, the Puget lobe built only a small, discontinuous
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terminal moraine in the southern Puget lowland, and is thought to have 
remained at its terminal position only briefly, reaching its southernmost 
limit about 14,500 to 14,000 yr BP (Mullineaux and others, 1965; Porter, 
1970).
Fraser Recession
Late Fraser climatic amelioration apparently led to a drastic 
reduction in Cordilleran ice sheet accumulation, and eventually resulted 
in the ice sheet becoming "climatically dead" (,Fulton, 1971). Much of the 
ice sheet in south-central British Columbia and eastern Washington is 
thought to have disintegrated chfejfly by downwasting (Flint, 1935b; 
Nasmith, 1962; Fulton, 1971), although the terminus of the Okanogan lobe 
is known to have stagnated and retreated northward across the Columbia 
Plateau by frontal recession (Easterbrook, 1979). Waitt and Thorson 
(1983) speculate that since ice in the Okanogan trough was thicker to the 
north, the terminus of the Okanogan lobe must have retreated northward 
through the area during downwasting. Ice was absent from the upland area 
now occupied by Mud Lake, about 6 km south of the study area, by at least 
11,400 yr BP, as indicated by a near-basal radiocarbon date reported by 
Mack and others (1979b).
The high, discontinuous terraces found along Spectacle Lake Coulee 
record the earliest ice-marginal drainage within the study area. The 
erosional nature of the terraces and their discontinuity may indicate 
relatively rapid lowering of the ice-sheet surface during the earlier 
phases of the Fraser recession. The high, west-sloping terraces in 
Spectacle Lake Coulee were probably cut by meltwater entering the coulee 
from a large channel presently occupied by Wannacut Lake and Blue Lake.
During the early part of the Fraser deglaciation, the downwasting ice
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surface must have remained relatively free of ablation drift since little 
debris was originally present above the basal layers of the temperate ice 
sheet. As the ice surface lowered, upland areas were progressively 
exposed, and subglacially deposited drift mantling them could be reworked 
and transported onto the ice-sheet surface. Ablation rates probably 
decreased as the ice downwasted and gained protection in valleys. An 
insulating cover of recessional drift must have acted to further reduce 
the ablation rate of the stagnating ice.
As the debris-covered ice downwasted further, kame terraces were 
constructed along valley sides and kame complexes developed on valley 
floors upon final melting of the ice. Most of the coulee floors, however, 
owe their character to late Fraser recessional outwash streams; although 
at least two areas, one along the northwestern side of Horse Springs 
Coulee and another along its southeastern end, appear to have largely 
escaped recessional outwash activity and exhibit classic kame complex 
geomorphology—numerous eskers, kames, and kettles, all overlying ground 
moraine.
Construction of kame terraces apparently spanned a broad interval of 
the deglaciation as is indicated by their large altitudinal distribution 
from the high marginal-lake fills of the eastern Okanogan tributaries to 
the "Great Terrace" itself. Most of the kame terraces record localized 
glaciolacustrine, glaciofluvial, glaciodeltaic, and alluvial fan 
sedimentation along the margins of downwasting, stagnant valley ice. Much 
of the sediment deposited along the ice margins was derived from the 
previously deglaciated uplands.
At a time when Cordilleran ice was still stagnating throughout much 
of the Okanogan region, either a recessional stillstand or a readvance of 
active ice occurred in the Sinlahekin Valley. The stillstand is well-
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marked by the Sinlahekin kame-moraine, near Loomis ^Fig. 35a).
The relationship between the kame-moraine and other major recessional 
features of the study area is not readily apparent. The kame-moraine is 
most likely older than the incised 380 m surface of the " Great Terrace" 
at Ellisforde, since that portion of the terrace and the lowest terraces 
in Spectacle Lake Coulee are probably graded to a post-kame-moraine stream 
that must have flowed from the upper Sinlahekin Valley, north of the 
moraine, after the valley ice was gone.
The recessional outwash stream that occupied Horse Springs Coulee 
probably also flowed through the channel presently containing Wannacut 
Lake (Figs. 35a and 35b). Inflow to the Wannacut Lake channel was through 
a 585 m bedrock spillway just west of Blue Lake. Most likely a large mass 
of stagnant ice blocked the Okanogan Valley south of the Blue Lake inlet 
and water backed-up behind the ice was diverted into the Wannacut channel. 
At this time. Spectacle Lake Coulee still contained stagnating ice. The 
meltwater stream flowed south through the Wannacut channel, west through 
Spectacle Lake Coulee, and south again through Horse Springs Coulee, where 
it eventually built an ice-marginal delta--part of the "Great Terrace"-- 
southwest of Tonasket. At this time, an ice-marginal lake may have been 
present in Spectacle Lake Coulee and a meltwater stream may have also been 
flowing south through Whitestone Coulee.
After some time, the Wannacut Lake channel and Horse Springs Coulee 
were abandoned. Northward retreat of the Sinlahekin Valley glacier, 
possibly to the postition now occupied by Palmer Lake, and blockage of the 
lower Sinlahekin Valley by a thick fill of drift and stagnating ice(?), 
diverted the Similkameen/Sinlahekin meltwater stream into Spectacle Lake 
Coulee at Loomis. Meltwater then flowed eastward through Spectacle Lake
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Figure 35a. Orientation map.
Figure 35a-e. Recessional drainage changes in the northern Okanogan 
Valley region. Arrows indicate drainage flow direction. Hatchured lines 
indicate delta fronts. Stippled pattern indicates recessional drift 
deposits and areas abandoned by recessional streams.
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Figure 35b. Wannacut Lake channel phase. "Great Terrace" 
southwest and east of Tonasket.
forming
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Coulee to the Okanogan at Ellisforde and southward through Whitestone 
Coulee where it built another ice-marginal delta at Tonasket (Fig. 35c). 
Downcutting of the stream in Spectacle Lake Coulee lead to abandonment of 
Whitestone Coulee. Eastward streamflow in Spectacle Lake Coulee then 
terminated at the "Great Terrace" on the Okanogan at Ellisforde iFig. 
35d). While the surface of the "Great Terrace" at Ellisforde was being 
incised by the Spectacle Lake Coulee meltwater stream, the previously 
built delta fills of the "Great Terrace" downstream at Tonasket were also 
being incised, by the Okanogan River.
Incision of the "Great Terrace" within the study area continued after 
the Similkameen River was diverted from the Sinlahekin Valley and 
Spectacle Lake Coulee to its present east-west canyon that terminates at 
Oroville iFig. 35e). The diversion may have occurred near the very end of 
the Fraser deglaciation and must pre-date the depostion of Mazama layer 0 
^6,600-7,000 yr BP; Powers and Wilcox, 1964; Mack and others, 1979a). 
Terraces along the Similkameen River just west of its confluence with the 
Okanogan are about 40 and 80 m above the 280 m elevation of the river 
surface. Farther south, in the study area, Mazama ash overlies gravels 
that are graded nearly to the present level of the Okanogan River 
(Fryxell, 1973), indicating incision of the Okanogan to near modern levels 
by 7,000 to 6,600 yr BP. Therefore, if the terraces near the mouth of the 
Similkameen were indeed formed by that river, then the diversion of the 
Similkameen into its present east-west canyon must have predated the 
Mazama eruption by a period of time represented by the 80 m of downcutting 
at the Similkameen - Okanogan confluence.
102
Figure 35c. Horse Springs Coulee abandoned. "Great Terrace" forming
west of Tonasket and at Ellisforde.
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Figure 35d. Whitestone Coulee abandoned. Incision Und further
construction?) of "Great Terrace" at Ellisforde.
Figure 35e. Modern drainage established.
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Holocene
Alluvial fan development, loess accumulation, and sporadic volcanic 
ash falls, along with fluvial and lacustrine sedimentation have
characterized the Holocene of the northern Okanogan trough.
Alluvial fan construction probably began shortly after the melting of 
ice from the valleys. Mazama ash, found at a depth of 2 m in a debris fan 
in Spectacle Lake Coulee, indicates that fan aggradation continued into 
late Holocene time. Ryder (1971) found Mazama ash at depths ranging from 
0 to 7.4 m (2 m average) below the surface of "para-glacial" alluvial fans 
in south-central British Columbia.
Loess deposition within the northern Okanogan Valley area is probably
late glacial to Holocene in age. The presence of Mazama ash and Mount St.
Helens tephra layer Wn (450 yrs old; Mullineaux, 1974) within the loess
demonstrates that loess accumulation continued into the late Holocene.
Much of the loess was probably derived from the Okanogan River floodplain
during a relatively warm and dry period lasting from approximately 10,000
to 4,800 yr BP (Mack and others, 1979b) in the Okanogan trough.
The Okanogan River had downcut to nearly its present level by
approximately 7,000 yr BP because Mazama ash occurs on top of tributary
gravels graded to within a few meters of the modern river (Fryxell, 1973).
In addition, the river apparently established a meandering pattern
relatively early in its post-glacial history as revealed by the arcuate
lateral cuts in the face of the "Great Terrace".
A study of the Holocene vegetation history of the Okanogan Valley by
Mack and others (1979b, p. 223) reveals that
"an initial cool, moist period gave way to a prolonged and 
possibly multistaged warmer and dryer interval that was followed 
by a change to less-warm and dry conditions."
Their work on pollen records from Mud Lake (approximately 6 km south of
the study area, elevation 655 m) and Bonaparte Meadows (approximately 25 
km east of the study area, elevation 1021 m) show that haploxylon pine(s) 
(western white pine or white-bark pine), artemisia (sagebrush), and 
grasses dominated the initial post-glacial vegetation from >11,000 to 
10,000 yr BP, indicating a somewhat cooler and moister climate than at 
present. From about 10,000 to 4,800 yr BP the vegetation was dominated by 
artemisia, grasses, and some diploxylon pine (ponderosa pine or beach 
pine) suggesting a climate in the Okanogan Valley area that was warmer and 
dryer than the present. From approximately 4,800 yr BP to the present, 
vegetation at Bonaparte Meadows has been dominated by modern components-- 
Douglas-fir and diploxylon pine.
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TEPHROCHRONOLOGY
Widespread late glacial and postglacial tephra layers originating 
from vents in the Cascade Range have proven useful for dating and 
correlating glacial deposits in eastern Washington. Major late Quaternary 
tephra sources in this region include: Mount Mazama, Mount St. Helens, and 
Glacier Peak. Although most tephras derived from Cascade volcanos are 
dacitic in composition and petrographically show a strong family 
similitude, nearly each has some unique characteristic or set of 
characteristics which enables it to be differentiated from the rest 
^Wilcox, 1965).
In the field, color, grain size, thickness, gross composition, and 
stratigraphic position can often permit tentative identification of tephra 
layers by skilled workers (Mullineaux, 1974). In the laboratory, 
tephras may be differentiated and correlated by ferromagnesian mineral 
content, modal refractive index of glass, refractive index of 
ferromagnesian minerals, and element content of phenocrysts and glass 
(Wilcox, 1965; Mullineaux, 1974; Smith and Westgate, 1969).
Tephra Sources
Volcanic ash from the moribund eruption of Mount Mazama (6,600-7,000 
yr BP; Powers and Wilcox, 1964; Mack and others, 1979a) forms a prominent, 
widespread deposit throughout the Pacific Northwest. Mazama ash (layer 0) 
is present in altithermal loess of eastern Washington (Fryxell, 1965), 
postglacial alluvial fans in the eastern North Cascade Range (Porter, 
1981) and south-central British Columbia (Ryder, 1971), and in cored lake 
sediments and bogs in the Okanogan Valley and northeastern Washington 
(Mack and others, 1979b). In the field, the ash can often be 
distinguished by its distinctive yellow-orange to pale-brown color, its
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regionally uniform silty texture, and its stratigraphic position 
(Mullineaux, 1974).
Tephra erupted from Glacier Peak during late glacial time is less 
widespread and less frequently exposed than Mazama ash (Fryxell, 1965). 
In eastern Washington, Glacier Peak tephra is found on top of the "Great 
Terrace" of the Columbia River and the lower Okanogan River, and overlies 
scabland flood deposits of the Columbia Plateau, in addition to occurring 
within some late Wisconsin lacustrine deposits (Fryxell, 1965; Porter, 
1978). Two principal layers, G loldest) and B, form relatively extensive 
lobes which trend east and southeast from Glacier Peak respectively 
^Porter, 1978). Until recently, layer G was thought to have been deposited 
around 12,500 yr BP (Lemke and others, 1975; Porter, 1978). Its age is now 
thought to be closer to that of layer B, both being around 11,200 
radiocarbon years old (,Mehringer and others, 1984). The time of the 
eruptions of Glacier Peak tephras allows for their use in determining ice- 
margin positions in eastern Washington and the eastern North Cascade Range 
during deglaciation, and the relationship of those positions to subsequent 
glacier fluctuations (Porter, 1978; Waitt and others, 1982; Beget, 1984).
Mount St. Helens has been the site of numerous pyroclastic eruptions 
for a time period extending back more than 35,000 yrs (Mullineuax and 
others, 1975). Mullineaux and others (1975) have described four main sets 
of St. Helens tephra having fairly well-established stratigraphies, ages, 
ferromagnesian phenocryst suites, and trends away from the volcano. They 
are: set S (about 13,000 yr BP); set J (<12,000, >8,000 yr BP); set Y 
(about 3,400 yr BP); and set W (about 450 yrs old). These tephra deposits 
form a number of individual lobes which trend generally east—variously 
from north-northeast to southeast (Mullineaux and others, 1975). Another
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widespread tephra unit originating from Mount St. Helens is layer T which 
is about 150 yrs old and is.commonly found in near-surface soil horizons 
of the Pacific Northwest (Okazaki and others, 1972).
Methods
Tephra samples were air dried and sieved in a Rotap shaker for 15 
minutes. The fine sand fractions (2-3^ ) were washed in water and 
ultrasonically cleaned. Hydrogen peroxide was added to the samples to 
remove organic matter. The samples were then washed in acetone and 
allowed to dry.
The glass and ferromagnesian mineral fractions were separated using 
standard heavy liquid techniques. The glass fraction was first removed 
through floatation on a mixture of tetrabromethane and acetone with an 
approximate specific gravity of 2.4 (2.38 < S.G. < 2.45). The 
ferromagnesian mineral fraction was separated from the remainder of the 
sample by settling in pure recycled tetrabromethane (specific gravity 
about 2.95).
Grain mounts of the glass and heavy mineral fractions were made using 
Pro-texx mounting medium with a refractive index of 1.495. The iron- 
magnesium mineral content of the samples was determined by counting only 
those phenocrysts which possessed sheaths of adherent glass. The number 
frequency of the ferromagnesian minerals was found using the Line Method 
of Galehouse (1969). Over 300 grains per sample were originally counted 
but the opaque fraction was later ignored when ferromagnesian mineral 
proportions were calculated. Modal refractive indices of glass fragments 
and some ferromagnesian minerals were determined petrographically using 
the Becke-Line Method and oils of known refractive index.
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Tephra Characterization and Correlation
Correlation of tephras with pyroclastic layers of known source and 
age is based primarily on ferromagnesian mineral assembleges, refractive 
indices of glass fragments and hypersthene phenocrysts, and in part on the 
stratigraphic position of the layers. All tephra occurred within deposits 
of postglacial age, therefore consideration of pre-Glacier Peak tephras 
for correlation was unnecessary.
The presence of hypersthene, predominantly brownish hornblende, and 
subordinate augite in the heavy mineral fraction of samples T35L and EN13A 
liable 3) suggests a correlation with Mazama layer 0 iMullineaux, 1974) 
(Table 4). In addition, modal refractive indices of glass from these two 
samples (Fig. 36) are close to values reported by Powers and Wilcox 
(1964), Kittleman (1973), and Waitt and others (1982) for Mazama glass. 
The lower tephra layer at site T35 (T35L) had previously been identified 
as Mazama ash by Ray Wilcox of the U.S. Geological Survey when the site 
was studied as part of an archeological survey (Grabert, 1974).
Tephras T32A, T33A, and T35U are correlated with Mount St. Helens 
layer Wn (Table 4). This correlation is based in part on the absence of 
augite in sample T32A and the presence of hypersthene and predominantly 
greenish hornblende in the ferromagnesian separates of all three samples 
(Mullineaux, 1974; Mullineaux and others, 1975) (Table 3). Furthermore, 
the modal refractive indices of pumiceous glass from the samples (Fig. 36) 
are within the range of values reported by Mullineaux (1974). Most 
convicing is the minimum refractive index of hypersthene in the samples 
(n^ > 1.70). Pyroclastic layer W is known to contain hypersthene 
phenocrysts that possess a minimum refractive index greater than 1.70, 
while St. Helens layers Y, P, and' T and Mazama layer 0 all have 
hypersthene a indices of less than 1.70 (Okazaki and others, 1^72;
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TABLE 3. MODAL PROPORTIONS OF FERROMAGNESIAN SEPARATES
OF TEPHRA SAMPLES
Sample Number T32A T33A T35U T35L EN13A
*
Modal Mineralogy
Hypersthene 71 65 66 56 39
Hornblende
Pred. green 29 34 34 • •
Pred. brown — — — 35 55
Augite 1? <1? 9 6
grains counted 159 197 313 187 188
* modal analysis in number frequency %
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TABLE 4. CORRELATION OF TEPHRA SAMPLES WITH SOURCES OF KNOWN
ORIGIN AND AGE
Sample Source Tephra layer Approx, age 
lyr BP)
T32A St. Helens Wn 450*
T33A St. Helens Wn 450*
T35U St. Helens Wn 450
T35L Mazama 0 6,600-7,000
EN13A Mazama 0 6,600-7,000
* Mullineaux, 1974
@ Mullineaux, 1974; Mack and others, 1979a
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Mullineaux, 1974; Smith and others, 1977).
The presence of augite within samples T33A and T35U liable 3) is 
problematical, since layer Wn is not known to contain primary augite 
phenocrysts iMullineaux, 1974; Mullineaux and others, 1975). The 
occurrence of augite in the samples is probably the result of 
contamination from older, augite-bearing Mazama ash. The very low 
proportion of augite in samples T33A and T35U and the presence of Mazama 
ash in the study area support this conclusion. Mazama ash layer 0 occurs 
about 2 m below tephra sample T35U, however no Mazama ash was recognized 
at locality T33. The possibility of misidentification during the 
petrographic examination should not be dismissed, although a recount of 
sample T33A again showed the presence of a single grain of augite. In 
view of the abundant hypersthene and hornblende in the samples, the modal 
refractive index of the glass, and the a index of the hypersthene in 
addition to the near-surface and post-Mazama lin the case of sample T35U) 
stratigraphic position of the tephra layers, a correlation of samples T33A 
and T35U with Mount St. Helens layer Wn is probably valid.
Tephra-Bearing Sections
Mazama ash was found at two sites within the study area. At locality 
T35 it occurs as the lower of two tephra layers exposed in a streamcut 
along a small east-flowing creek about 1 km west-southwest of Tonasket. 
There, the layer is about 20-30 cm thick, overlain by sandy brown loess 
and underlain by east-dipping stratified Holocene gravels (Fig. 37) that 
are graded to within a few meters of the level of the modern Okanogan 
River (Fryxell, 1973). Nearby, the gravels are seen to unconformably 
overlie highly deformed ice-contact glaci'olacustrine silts and fine sands 
of the "Great Terrace" of the Okanogan Valley. At site T35 the loess an<d
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Figure 37. Sections from tephra sample localities.
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tephra overlying the Mazama ash record some 2 m of post-Mazama eolian and 
possibly colluvial deposition. Mazama ash has been previously identified 
at this site in a study by Grabert U974).
At sample site EN13, Mazama tephra is preserved as lenses within 
fan alluvium exposed in a roadcut along Horse Springs Coulee Road near the 
west end of Spectacle Lake (Fig. 37). The lenses of Mazama layer 0 have a 
maximum observed thickness of about 20 cm and are up to a couple of meters 
wide. The ash here has probably been reworked and waterlain. The 
sediment surrounding the ash is poorly washed and is most likely a debris 
fan deposit derived originally from till.
Mount St. Helens tephra layer Wn was sampled at three sites. At 
locality T32, layer Wn occurs within fluvial sediments which were 
temporarily exposed in a trench located on the floodplain of the Okanogan 
River about 1.5 km southwest of Tonasket (Fig. 37). The tephra layer is 
about 65 cm thick and is clearly waterlain, being both laminated and 
cross-bedded. It lies within a sequence of silty floodplain deposits and 
overlies a peaty sandy silt.
Pyroclastic layer Wn was also found in an exposure along Siwash Creek 
just outside of the map area and about 1 km east of Tonasket (site T33). 
The white, silty ash occurs abundantly within the gravelly surface 
colluvium and forms a thin (approximately 1 cm thick), even layer at its 
base (Fig. 37). Both the ash layer and colluvium overlie Siwash Creek 
gravels. A thin brown silty-sand layer containing disseminated organic 
matter and charcoal occurs between the gravels and the ash layer. The 
charcoal-bearing layer possibly represents a paleosurface upon which the 
thin tephra layer was deposited, and then later buried by colluviated ash 
and gravel from the slope above.
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At site T35, layer Wn lies within a brown sandy loess about 130 cm 
above Mazama ash (Fig. 37). The tephra layer is approximately 10-15 cm 
thick and occurs about 65 cm below the surface.
A white, silty near-surface tephra was observed or sampled at a 
number of sites immediately north of locality T35 and at places along the 
Okanogan River a few kilometers north and south of Tonasket. No 
petrographic analysis was made on these samples. However, based on their 
near-surface stratigraphic position and their white silty appearence, 
these tephras may possibly correlate with St. Helens layer Wn.
Regional Distribution of Tephra Layers in the Okanogan Valley Area
Previous studies have already documented the presence of Mount St. 
Helens tephra layer Wn (Smith and others, 1977, Fig. 1; Mack and others, 
1979b) and Mazama layer 0 (Fryxell, 1965, Fig. 1; Mullineaux, 1974, Fig. 
12; Mack and others, 1979b) in the northern Okanogan trough. Layer Wn 
forms a north-northeast-trending lobe extending from Mount St. Helens to 
at least northeastern Washington ^Smith and others, 1977, Fig. 1). Mazama 
ash forms an unusually extensive deposit over much of the American 
Northwest, southern British Columbia, and Alberta (Mullineaux, 1974, Fig. 
12).
Glacier Peak tephra was not recognized in the study area during this 
project. Whether the tephra is truly absent from the area or was merely 
not observed is uncertain. Porter (1978) suggests that significant 
portions of the Okanogan Valley lie within the inferred fallout area of 
Glacier Peak layer G and that the apparent absence of the tephra from all 
but the lower 15 to 20 km of the valley implies that it was still ice- 
covered at the time of the eruption. Beget (1984, Fig. 1) claims that the 
entire Okanogan Valley is within the fallout area of the 11,250 yr old
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Glacier Peak tephra layers.
The lack of evidence of deposition of Glacier Peak tephra in the
Tonasket-Spectacle Lake area from this study and from cored lake sediments
south of the study area (Mack and others, 1979b) suggests that the north-
central Okanogan Valley was beyond the northern limit of the Glacier Peak
fallout area. A pollen core from Mud Lake located about 6 km south of the
study area contained St. Helens layer Wn and Mazama ash in addition to
abundant organic material (Mack et al, 1979b). The oldest datable
14
material in the core lay above some 4 m of silt and clay and yielded C
dates of 11,490 + 560 yr BP and 11,320 + 560 yr BP. Mack and others
U979b) suggest that, in view of the relatively large standard errors on 
14
the C dates and the absence of Glacier Peak tephra from the core, the 
Mud Lake depression is actually younger than the dates indicate. However, 
in light of the recent revision of tephra layer G age to about 11,200 yr 
BP (Mehringer and others, 1984) and the presence of 4 m of fine-grained 
sediments below the dated material in the Mud Lake core, absence of
Glacier Peak tephra from the core more likely indicates a lack of
deposition of layer G at that locality. Possibly for similar reasons, 
Waitt and Thorson (1983, Fig. 3.4) show the northern limit of the layer G 
lobe to be south of Mud Lake and Wagonroad Coulee and mention that much of 
the Okanogan may have been beyond its fallout area.
Mount St. Helens tephra layer Yn was not recognized in the map area. 
Although Beget (1984, Fig. 1) indicates that the northern Okanogan Valley 
is within the fallout area of layer Yn, Mullineaux and others (1975, Fig. 
6) show the Yn lobe to lie just west of the study area. The apparent lack
of Yn tephra in the Tonasket-Spectacle Lake area along with its absence
from St. Helens Wn- and Mazama-bearing pollen cores at Mud Lake and
Bonaparte Meadows (Mack and others, 1979b) supports Mullineaux and others'
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U975) placement of the east boundary of the Yn tephra lobe to the west of 
the northern Okanogan trough.
Tephra attributed to Mount St. Helens layer T was also not identified 
in the study area. Okazaki and others (1972, Fig. 1) show the layer T 
lobe to extend northeast from the volcano into northeastern Washington, 
northern Idaho, and northwestern Montana. They did not recognize layer T 
tephra in the Okanogan Valley or in the highlands east and west of the 




Glacial sediments exposed in the northern Okanogan trough consist of 
advance stratified drift, lodgement till, and recessional stratified drift 
of the last (Fraser) glaciation. No older Quaternary sediments were 
recognized in the mapped area. Geomorphology of the region is 
characterized by streamlined till-mantled uplands cut by large valleys and 
coulees lined with recessional kame terraces.
The advance stratified drift unit is composed of upward-coarsening 
braided-stream outwash with locally intercalated lacustrine and alluvial 
fan sediments. An upsection change in facies within the unit suggests a 
gradation from distal to proximal deposition of proglacial outwash with 
time in Spectacle Lake Coulee. The gradation probably records the 
approach of Cordilleran ice into the area during the Fraser advance.
Lacustrine sediments intercalated with the advance outwash indicate 
periodic damming and lake development within Spectacle Lake Coulee. The 
damning was apparently caused by local alluvial fans and aggradation 
within the Similkameen Valley. Unequal aggradation of the Similkameen and 
Okanogan Valleys is further suggested by apparent streamflow reversals 
within the coulee between them.
Upland regions of the study area are mantled by a lodgement till 
complex that typically exhibits a streamlined and sometimes drumlinoid 
surface morphology. Interbeds of glaciolacustrine and glaciofluvial 
sediment are common within the till. Rhythmically laminated to massive 
silt, clay, and fine sand of the glaciolacustrine interbeds frequently 
contain dropstones and inclusions of diamicton. Diamicton inclusions are 
also present in the interbeds of glaciofluvial gravel. Thick sections of 
lodgement till overlying the interbeds indicate that they were deposited
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in subglacial lakes and streams beneath active ice of the Okanogan lobe.
Crudely stratified till subunits of differing color and texture are 
present at some outcrops in the central portion of the study area. These 
subunits may have been deposited through a process of superimposed till 
lodgement beneath multiple, competing ice streams of a composite Okanogan 
lobe. Variations in color and texture may have also resulted from 
differences in the degree of subglacial washing of the till in association 
with fluctuating basal water discharge and post-glacial weathering.
The orientation of streamlined till landforms and bedrock striae 
indicate generally south and southeastward flow of ice over upland areas, 
and strong, local topographic control of the basal ice flow.
The Okanogan Valley and coulees tributary to it contain voluminous 
fills of recessional stratified drift. Most of the recessional drift was 
deposited as kame terraces, although eskers, kames, and a kame-moraine are 
also present in the study area. Kame terraces at higher elevations are 
predominantly erosional in origin and probably signify relatively rapid 
lowering of the ice surface during their formation. Kame terraces 
comprised of ice-contact glaciolacustrine and glaciofluvial sediment are 
more common at lower elevations and record sedimentation in a series of 
local ice-marginal lakes and streams.
The most prominent set of kame terraces occurs along the Okanogan 
Valley and is collectively known as the "Great Terrace". In the study 
area, the "Great Terrace" is composed of highly deformed ice-contact 
deltaic and glaciolacustrine sediment overlain by a cap of outwash gravel. 
The component facies consist of
U) thinly laminanted to thickly bedded silt and fine sand rhythmites of
distal deltaic and proximal glaciolacustrine origin;
[2) uncommon, thinly laminated silt and clay graded rhythmites of distal
122
glaciolacustrine origin;
13) sequences of climbing-ripple cross-laminated and drape-laminated fine
sand and silt deposited from turbidity currents on the prodelta slope;
(4) interbeds and lenses of stratified sand and gravel, thought to be
distributary mouth and delta plain fluvial deposits that had slumped down
the delta front;
l5) lenses of matrix-supported gravel probably deposited from subaqueous
sediment gravity flows and possibly till flows; and
(6) a cap of stratified fluvial gravel and sand.
In the study area, sediments of the "Great Terrace" were deposited
along and over stagnating ice in the Okanogan Valley, predominantly as 
deltas built by streams issuing from tributary coulees. The presence of 
numerous kettles on the upper surface of the "Great Terrace" and on 
younger terraces cut into it indicates that ice was present within the 
"Great Terrace" sediments for some time after its construction.
Intimately associated with the formation of the "Great Terrace" are a 
series of extensive, late Fraser drainage changes in the study area. The 
ancestral Similkameen meltwater stream shifted its course from the 
southern Sinlahekin Valley to Spectacle Lake Coulee and finally into its 
present east-trending canyon. The rearrangements occurred between late 
glacial time and the deposition of Mazama ash some 6,600 to 7,000 yr BP.
A kame-moraine in the Sinlahekin Valley near Loomis marks a still 
stand of a late Fraser valley glacier. The kame-moraine is probably a 
delta that was built into a proglacial lake occupying at least a portion 
of the southern Sinlahekin Valley. The moraine may be approximately 
contemporaneous with the "Great Terrace" at Tonasket and might therefore 
be evidence of an approximate Sumas Stade equivalent in the Okanogan
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trough. Further study, however, is needed to support this tenuous 
correlation.
Tephra samples collected from loess, colluvium, a debris fan, and the 
Okanogan River floodplain in the northern Okanogan trough were examined 
petrographically and identified as Mazama ash (6,600-7,000 yr BP) and 
Mount St. Helens layer Wn (about 450 yrs old). No Glacier Peak tephra was 
recognized in the study area. Because of this absence of Glacier Peak 
tephra and its absence from dated pollen cores in the region, the northern 
Okanogan trough is thought to have been beyond the fallout area of the 
11,200 yr old tephra.
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